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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD 
NORTH  DAKOTA 


INTRODUCTION 


Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic 
sources.  Attention  has  focused  on  the  immense  quantities  of  low  sulfur 
coal  that  lie  within  the  Rocky  Mountain  and  Northern  Great  Plains  regions. 

It  is  the  responsibility  of  the  Department  of  the  Interior  and,  principally, 
the  Bureau  of  Land  Management  to  assist  in  meeting  these  energy  demands 
and,  at  the  same  time,  provide  sound  reclamation  guidelines  so  that  the 
disturbed  lands  are  restored  to  an  acceptable  condition. 

PURPOSE 


The  purpose  of  this  report  is  to  provide  information  for  establishing 
reclamation  objectives  and  lease  requirements.  Detailed  data  is  given  on 
geology,  coal  resources,  and  overburden  (soil  and  bedrock).  Less  detailed 
information  is  provided  on  climate  and  physiography. 

REPORT  OBJECTIVES 


1.  To  analyze  and  quantify  the  environmental  impacts  from  surface  mining 
of  coal. 

2.  To  provide  resource  and  impact  information  for  leasing  site  selection 
procedures  as  set  forth  by  the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  information  needed  to  implement 
effective  reclamation  and  rehabilitation  programs  and  for  the  develop¬ 
ment  of  meaningful  lease  stipulations  as  required  by  the  mined  land 
reclamation  program. 

4.  To  provide  resource  and  impact  information  to  support  State  and  local 
regional  development  and  land  use  planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of  the  soil  and 
bedrock  to  support  and  maintain  vegetation  on  known  coal  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic  stipulations 
may  be  provided  for  exploration,  mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Environmental  Impact 
Statements,  Environmental  Analysis  Records,  and  to  aid  in  the  review 

of  mining  and  reclamation  plans  for  proposed  land  disturbing  activities 
in  the  vicinity  of  the  study  area. 


1 


AUTHORITY 


Federal  Land  Policy  and  Management  Act  of  1976  and  Surface  Mining  Control 
and  Reclamation  Act  of  1977. 


RESPONSIBILITY 
BUREAU  OF  LAND  MANAGEMENT 

1 •  Selects  study  area  for  coordinated  investigations  of  climate,  geology, 
overburden,  and  coal  resources. 

2.  Acts  as  Contracting  Officer  in  the  coordination,  establishment  and 
execution  of  work  orders. 

3.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

4.  Distributes  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  Bureau  of  Land  Management  field  offices. 

5.  Determines  postmining  land  uses. 

BUREAU  OF  RECLAMATION 

1.  Conducts  a  land  classification  for  determining  suitability  of  soil/bedrock 
material  within  10  feet  of  the  surface  for  use  in  revegetation  of  the 
disturbed  area. 

2.  Conducts  drilling  operations  for  the  procurement  of  core  samples  for 
coal  and  overburden  analysis. 

3.  Characterizes  and  interprets  suitability  of  overburden  material  as 
well  as  substrata  immediately  below  the  coal  resources  for  purposes 
of  revegetation. 

4.  Conducts  mechanical  weathering  tests  of  core  samples  to  determine 
stability  of  overburden  materials. 

5.  Recommends  to  District  Office,  Bureau  of  Land  Management,  suitable 
plant  species  for  use  in  areas  to  be  reclaimed. 

6.  Advises  District  Office,  Bureau  of  Land  Management,  on  reclamation 
techniques . 

7.  Prepares  geologic  maps,  logs,  and  cross  sections. 

8.  Advises  the  Bureau  of  Land  Management  on  paleontological  finds  in  the 
study  area. 

9.  Coordinates  assembly  and  printing  of  final  report. 
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U.S.  GEOLOGICAL  SURVEY 


1.  Investigates  coal  resources. 

GENERAL  DESCRIPTION 

LOCATION 

The  Rattlesnake  Butte  Study  Area  is  located  in  southwestern  North  Dakota 
in  parts  of  Stark,  Billings,  and  Dunn  Counties.  Plate  1  shows  the  general 
location.  The  study  area  includes  approximately  13,070  acres  in  all  or 
parts  of  sections  2,  4,  6,  8,  10,  14,  18,  20,  22,  26,  28,  30,  32,  and  34, 

T.  140  N.,  R.  98  W.;  sections  2,  10,  12,  14,  22,  24,  26,  30,  and  34, 

T.  140  N. ,  R.  99  W. ;  section  32,  T.  141N.,  R.  97  W. ;  and  sections  32  and 
T.  141  N. ,  R.  98  W.  The  USBR  land  classification  study  was  expanded 
to  include  about  2,250  additional  acres  along  the  north  edge  of  the  study 
area  in  all  or  parts  of  section  30,  T.  141  N. ,  R.  97  W. ,  and  sections 
26,  28,  and  30,  T.  141  N.,  R.  98  ¥.  Photograph  1  shows  the  complete  study 
area  including  the  additional  sections  covered  by  the  land  classification 
study.  Plate  2  shows  the  area  topography.  All  surface  is  privately  owned. 
All  coal  is  federally  owned  as  shown  on  Plate  3. 

PRESENT  LAND  USES 

Most  of  the  land  within  the  Rattlesnake  Butte  Study  Area  is  used  for  small 
grain  farming,  cattle  grazing  and  hay  production. 

The  area  is  not  forested  except  for  some  scrubby  growth  along  a  few 
drainages.  Little  except  firewood  or  maybe  fence  posts  could  be  produced 
from  the  few  trees  that  exist.  This  riparian  vegetation  does,  however, 
provide  extremely  valuable  wildlife  habitat  that  is  particularly  essential 
for  winter  survival. 

Two  coal  mines  and  numerous  scoria  pits  are  located  in  the  study  area,  but 
they  are  small  in  size  and  inactive.  Specific  locations  are  shown  on  the 
topographic  map,  Plate  2. 

Although  the  area  is  not  being  specifically  managed  for  watershed  protection, 
this  indirect  use  should  also  be  recognized. 

POSTMINING  LAND  USES 

Postmining  land  uses  in  the  study  area  are  expected  to  be  the  same  as  the 

present  uses.  These  uses  are  rangeland,  hayland,  and  cropland  (small  grains, 
corn,  sunflowers) . 
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RULES  GOVERNING  MINING  AND  RECLAMATION  OPERATIONS 


In  North  Dakota,  coal  mine  operators  must  comply  with  all  established  rules 
and  regulations  pursuant  to  the  North  Dakota  Surface  Mine  Reclamation  Act, 
1979  (Chapter  38-14.1  of  the  North  Dakota  Century  Code).  These  rules  and 


regulations  are  presented  in  Appendix  B  of  the  North 


for  regulating  surface  mining  and  reclamation  activities.— 

The  North  Dakota  Public  Service  Commission  is  the  regulatory  agency 
responsible  for  administering  this  program. 


1 /  The  North  Dakota  State  Program  was  published  March  3,  1980.  Conditional 
approval  of  this  program  was  granted  by  the  U.S.  Department  of  the 
Interior,  Office  of  Surface  Mining,  on  December  15,  1980. 
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NOTE 

The  lond  classification  survey  covers  approx¬ 
imately  2E50  additional  acres  along  the  north 
edge  of  the  study  area  in  all  or  port  of  Section 
30,  T.  141  N.,  R.  97  W.,  and  sections  26,  28, 
and  30,  T.  141  N.,  R.  98  W. 

Study  area  not  shaded. 
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NOTES 

All  surface  privately  owned  except  the  N  '/ 2  of 
Section  36,  T.  141  N.,  R.98  W.  It  is  state  owned. 
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The  land  classification  survey  covers  approxi¬ 
mately  2250  additional  acres  along  the  north 
edge  of  the  study  area  in  all  or  ports  of  Sec- 
30,  T.  141  N.,  R.  97  W.,  and  Sections  26,  28, 
and  30,  T.  141  N.,  R.  98  W.  The  surface  is 
privately  owned  but  the  cool  is  federally 
owned. 
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Photograph  I 


SCALE  OF  MILES 


Photograph  1  -  Aerial  view  of  the  Rattlesnake  Butte  Study  Area.  This 
photograph  is  a  portion  of  the  Bureau  of  Land  Management  Surface-Minerals 

Management  Ouad .  SW-2. 
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OBJECTIVE  OF  RECLAMAT I ON 


North  Dakota  law  presently  requires  the  coal  mine  operator  to  "restore  the 
land  affected  to  a  condition  capable  of  supporting  the  uses  which  it  was 
capable  of  supporting  prior  to  any  mining,  or  higher  or  better  uses  approved 
by  the  (Public  Service)  Commission.  .  ./Chapter  38-14.1-24(2)  of  the 
North  Dakota  Century  Code — North  Dakota  Surface  Mine  Reclamation  Act, 

197//.  Alternative  postmining  land  uses  may  be  approved  by  the  Public 
Service  Commision  after  consultation  with  the  landowner. 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner (s) 
and  approved  by  the  Public  Service  Commission,  the  main  objective  of 
reclamation  in  the  Rattlesnake  Butte  Study  Area  will  be  to  restore  the 
disturbed  land  to  a  condition  capable  of  supporting  the  uses  that  it 
supports  at  the  present  time.  These  uses  are  rangeland,  hayland,  and 
cropland  (small  grains,  sunflowers,  corn). 
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PHYSICAL  PROFILE 


CLIMATE  - 


The  Rattlesnake  Butte  Study  Area  has  a  continental-type  semiarid  climate 
characterized  by  harsh,  cold  winters,  warm  summers,  and  large  variations 
in  seasonal  precipitation. 


Precipitation 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  rise  and 
precipitate  their  moisture,  primarily  on  the  windward  slopes.  The  air 
masses  then  warm  and  dry  as  they  descend  the  leeward  slopes.  As  a  result, 
a  semiarid  condition  is  created  in  much  of  eastern  Montana  and  western 
North  Dakota. 

Table  1  is  a  listing  of  mean  monthly  and  annual  precipitation  values 
recorded  at  Dickinson,  North  Dakota  (about  20  miles  east  of  the  study 
area) . 

Wide  deviations  from  the  mean  annual  precipitation  value  have  been  recorded 
in  this  area,  with  as  little  as  7  inches  and  as  much  as  31  inches  being 
received.  More  than  75  percent  of  the  annual  precipitation  occurs  during 
the  growing  season,  April  through  September.  As  much  as  10  inches  may  fall 
in  June,  which  is  commonly  the  wettest  month.  Most  of  the  precipitation 
falls  during  thunderstorms. 

Snowfall  is  most  common  between  October  and  late  April.  However,  small 
amounts  may  occur  in  September  and  May.  The  amount  of  snow  received 
annually  ranges  widely  from  12  to  about  74  inches,  but  the  yearly  average 
is  approximately  32  inches.  Only  about  12  percent  of  the  annual  precipi¬ 
tation  occurs  during  the  period  of  November  through  February;  nevertheless, 
a  measurable  amount  of  snow  can  be  expected  in  the  months  of  November 
through  April. 


Temperature 

Based  on  data  recorded  at  Dickinson,  North  Dakota,  temperature  extremes 
of  101°F  in  summer  and  -32°F  in  winter  are  probable  (2  years  in  10)  in 
this  area. 

Generally,  about  22  days  each  year  have  a  maximum  temperature  over  90°F, 
but  a  maximum  temperature  exceeding  100  F  occurs  only  2  to  3  days  a  year, 
and  in  some  years  not  at  all.  In  an  average  year,  about  46  days  have  a 
minimum  temperature  of  0  F  of  lower. 

Average  daily  maximum  and  minumum  temperatures  recorded  at  Dickinson, 
North  Dakota,  are  listed  in  Table  2. 


1/  Data  in  this  section  was  obtained  from:  Soil  Survey  of  Stark  County, 
North  Dakota;  Soil  Conservation  Service,  1968 
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Table  1  -  Mean  Monthly  and  Annual  Precipitation  Values  (Inches) 

Rattlesnake  Butte  Study  Area* 


Jan 

Feb 

Mar 

Apr  May 

June 

July  Aug 

Sept 

Oct 

Nov 

Dec 

Annual 

.44 

.44 

.74 

1.24  2.20 

3.50 

2.17  1.78 

1.19 

.85 

.55 

.40 

15.5 

Table  2  -  Average  Daily  Maximum  and  Minimum  Temperatures 


Rattlesnake  Butte 

Study  Area* 

Average  Daily 

Maximum  Temperature 

(°F) 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

AU£ 

Sept 

Oct 

Nov 

Dec 

Annual 

23 

25 

26 

55 

66 

75 

84 

82 

71 

58 

40 

28 

54 

Average  Daily  Minimum  Temperature 

(°F) 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Annual 

1 

2 

14 

28 

39 

49 

54 

52 

41 

31 

18 

6 

28 

fO 


*Data  from  Dickinson,  North  Dakota,  recording  station. 


Tables  1  and 


, 


I  • 


The  average  length  of  the  frost-free  (>32°F)  growing  season  In  this  area 
is  122  days.  This  value  is  based  on  data  recorded  at  Dickmsgn,  whic 
indicates  that  the  average  date  of  the  last  temperature  of  3  F  or  ower 
in  spring  is  May  20,  and  the  average  date  of  the  first  temperature  o 
32°F  or  lower  in  fall  is  September  19.  The  growth  of  native  range  plants 
is  rapid  in  this  area  during  May  and  June.  However,  by  mid  July,  the 
available  soil  moisture  is  usually  depleted  and  the  plants  mature  or  become 

dormant. 


Other  Climatic  Factors 


On  the  average,  thunderstorms  occur  on  30  to  35  days  each  year,  and  hai 
generally  falls  on  2  or  3  of  these  days.  Hailstorms  are  most  common 
between  May  and  August.  However,  hail  may  also  occur  infrequently  m 
March  April,  September,  and  October.  Damage  to  crops  from  hail  may  be 
severe  in  this  area  (Stark  County  ranks  fifth  in  the  State  of  North  Dakota 
in  the  amount  of  insured  acreage  on  which  crops  have  been  reported  damaged) 

Winds  that  erode  unprotected  soils  occur  34  percent  of  the  time,  primarily 
during  April,  May,  and  June.  Between  May  and  July,  winds  generally  blow 
from  the  southeast,  whereas  the  period  of  September  through  May  shows  the 
winds  blowing  primarily  from  the  northwest.  Winds  from  the  west  and  sout 
occur  throughout  the  year.  Wind  speeds  of  greater  than  47  miles  per  hour 
have  not  been  recorded  in  this  area. 


This  area  receives  approximately  60  percent  of  the  sunshine  that  could 
possibly  occur  each  year. 


Effect  of  Climate  on  Revegetation 


Most  climatic  factors  in  the  Rattlesnake  Butte  Study  Area  appear  favorable 
for  revegetation  of  surface-mined  land  with  native  range  plants,  smal 
grains,  or  other  adaptable  crops.  However,  several  hazardous  climatic 
factors  which  may  adversely  affect  revegetation  efforts  in  the  area  should 
be  recognized.  These  are:  (1)  below  normal  or  uneven  distribution  of 
precipitation,  especially  during  the  growing  season,  (2)  severe  thunderstorms 
or  hailstorms  that  cause  crop  damage  and  soil  erosion,  (3)  late  spring  freezes, 
and  (4)  soil  erosion  and  moisture  depletion  by  wind. 


Spring  is  the  most  favorable  planting  time  in  this  area  since  soil  moisture 
is  generally  high  during  the  early  part  of  the  growing  season.  The  spring 
rains  usually  provide  moisture  to  the  soil  in  excess  of  the  plant  moisture 
requirement.  With  favorable  soil  moisture  and  temperature  conditions, 
spring-planted  grasses  should  germinate  rapidly  and  become  established 
before  the  available  soil  moisture  is  depleted  in  mid- July. 
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PHYSIOGRAPHY 


The  Rattlesnake  Butte  Study  Area  lies  in  the  unglaciated  Missouri  Plateau 
section  of  the  Great  Plains  Physiographic  Province.  This  section  is 
characterized  by  a  series  of  complex,  narrow  divides  which  are  the  eroded 
remnants  of  a  once  widely  extensive  plateau. 

The  topography  of  this  study  area  is  variable,  ranging  from  nearly  level 
and  gently  sloping  stream  terraces,  fans,  and  footslopes  to  steep,  rolling 
uplands.  Sedimentary  strata  of  the  Fort  Union  Formation  (Sentinel  Butte 
Member)  are  exposed  along  deeply-incised  drainage  channels  and,  to  a  lesser 
extent,  at  higher  elevations  in  the  uplands.  Wind— worked  sandy  deposits 
are  also  notable  at  higher  elevations  in  the  uplands.  Resistant  scoria 
(baked  shale)  outcrops  are  common  throughout  this  study  area.  These  out¬ 
crops  appear  as  thin,  remnant  caps"  over  gentle  and  moderately  sloping 
uplands. 

The  relief  in  this  study  area  is  approximately  260  feet,  ranging  from 
2470  feet  along  North  Creek  in  the  southeast  corner  of  the  study  area  to 
2730  feet  in  the  uplands. 

Drainage  of  the  study  area  is  accomplished  through  an  extensive  network 
of  branching  drainages  (dendritic  pattern).  The  majority  of  the  area 
drains  southeastward  to  the  Heart  River  via  North  Creek  and  its  tributaries. 
The  northern  portion  of  the  study  area  drains  in  a  northwesterly  direction 
toward  Green  River. 

Photographs  2  through  5  are  typical  views  of  topography  within  the 
Rattlesnake  Butte  Study  Area. 
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Photograph  2  -  View  looking  northwest  from  near  the  northeast  corner  of  section  14,  T.  140  N., 
R.  97  W.  Water  and  Power  Resources  Photograph  No.  P  1305-600-26,  9/79. 


Photograph  2 


Photograph  3  -  View  of  the  study  area  looking  southeast  from  near  the  northwest 
corner  of  section  3,  T.  140  N.,  R.  99  W.  Water  and  Power  Resources  Service 
Photograph  No.  P  1305-600-27,  9/79. 


Photograph  3 


Photograph  4 


Photograph  4  -  View  of  a  typical  scoria  pit  near  the  northeast 
border  of  the  study  area.  Water  and  Power  Resources  Service 
Photograph  No.  P  1305-600-28,  9/79. 


Photograph  5 


Photograph  5  —  View  of  the  study  area  looking  south 
west  from  near  the  northwest  corner  of  section  35, 

T.  140  N.,  R.  99  W.  Water  and  Power  Resources  Service 
Photograph  No.  P  1305-600-29,  9/79. 


GEOLOGY 


Regional  Geology 


The  Dickinson  Coalfield  is  located  in  the  Williston  Basin  in  west-central 
North  Dakota.  This  basin,  a  part  of  the  Great  Plains  Physiographic 
Province,  is  a  synclinal  structure  extending  from  South  Dakota  into  Canada, 
a  distance  of  about  500  miles. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods  of 
deposition,  deformation,  and  erosion.  A  sequence  of  carbonates,  sandstones, 
and  shales,  mostly  of  marine  origin,  were  deposited  throughout  North  Dakota 
during  the  Paleozoic  and  Mesozoic  Eras.  These  sediments,  about  14,000  feet 
thick  in  the  deepest  part  of  the  Williston  Basin,  thin  rapidly  eastward  and 
are  not  present  in  the  southeastern  part  of  the  State.  Several  unconformities 
exist  throughout  the  Paleozoic  and  Mesozoic  sequences  in  North  Dakota,  the  most 
notable  being  the  pre-Mesozoic  erosional  surface  which  truncates  all  Paleozoic 
sediments . 

Deformation  of  the  Rocky  Mountains  to  the  west  and  associated  uplifting  of  the 
Great  Plains  area  in  North  Dakota  began  with  the  Laramide  Revolution  at  the 
close  of  Cretaceous  time.  Intermittent  uplifting  continued  through  the 
Paleocene  and  ended  in  Eocene  time.  Materials  eroded  from  the  mountains  were 
spread  in  thick  sheets  over  most  of  the  Great  Plains  by  the  middle  of  the 
Cenozoic  Period.  A  second  regional  uplift  which  occurred  during  Pliocene  and 
Pleistocene  times  elevated  sediments  to  their  present  position.  Streams  re¬ 
juvenated  by  the  uplift  began  stripping  Tertiary  strata  from  the  Great  Plains 
and  exhuming  the  buried  mountain  masses  to  the  west. 

During  the  Pleistocene  Epoch,  several  continental  ice  sheets  invaded  most  of 
North  Dakota.  A  sequence  of  till,  outwash,  and  associated  glacial  debris 
was  deposited  during  the  advance  and  retreat  of  each  ice  sheet. 

Today,  shales,  siltstones,  and  sandstones  of  Cretaceous  and  Tertiary  age 
cover  the  western  part  of  North  Dakota.  Pleistocene  and  Holocene  glacial, 
eolian,  and  alluvial  deposits  mantle  the  bedrock  in  much  of  the  area.  Plate 
4  is  generalized  regional  geologic  map  showing  the  southern  limits  of  glaci¬ 
ation. 


Area  Geology 
Investigations 

Surface  and  subsurface  investigations  were  conducted  by  the  Bureau  of 
Reclamation  at  the  Rattlesnake  Butte  Study  Area  during  January  and  February 
1978  and  January  through  April  1979.  These  investigations  included  mapping 
the  surface  goelogy  and  drilling  a  series  of  core  holes. 

Geologic  mapping  was  done  in  the  field  on  aerial  photographs.  The  data  was 
transferred  to  a  topographic  map  and  is  shown  on  Plate  5.  Plate  6  is  a 
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stratigraphic  column  describing  lignite  beds  shown  on  Plate  5.  Fifteen 
drill  holes  (DH78-101  and  DH78-102  and  DH79-103  through  DH79-115)  ranging 
from  120.0  to  245.6  feet  in  depth  were  completed  in  the  study  area. 

Continuous  cores  were  obtained  from  all  holes  for  geologic  logging  and 
selection  of  coal  and  overburden  samples  for  laboratory  analyses.  The 
locations  of  drill  holes  are  plotted  on  the  Geologic  Investigations  Map, 

Plate  5.  Plates  7  through  11  are  geologic  profiles  correlating  lignite 
horizons  between  drill  holes.  Detailed  geologic  logs  are  shown  on 
Plates  12  through  26,  Appendix  B. 

filling  was  performed  with  rotary  drills  using  wire  line  tools  with  an 
H  series  core  barrel.  Except  for  drive  sampling  in  overlying  residual 
material  with  a  Bx  casing  drive  barrel,  all  drilling  was  done  using 
bottom  discharge  core  bits  set  with  tungsten  carbide  inserts. 

Water  was  used  as  drill  fluid  in  all  holes.  An  organic  polymer,  "Revert," 

was  used  in  the  drilling  fluid  in  fractured  or  jointed  rock  where  circulation 
was  lost. 


The  drill  core  was  immediately  placed  in  core  boxes  and  wrapped  with  plastic 
to  prevent  drying  until  it  could  be  logged  and  sampled. 

After  completion,  all  drill  holes  in  the  study  area  were  backfilled  with 
concrete. 


Stratigraphy 

The  oldest  rocks  exposed  in  the  study  area  are  of  Paleocene  Age.  In  North 
Dakota,  the  U.S.  Geological  Survey  has  divided  the  Paleocene  Series  into 
the  Ludlow-Cannonball,  Tongue  River,  and  Sentinel  Butte  Members  of  the  Fort 
Union  Formation.  These  subdivisions  will  be  used  in  this  section  of  the 
report.  Only  the  Sentinel  Butte,  the  youngest  member  of  the  Fort  Union 
Formation,  is  involved  in  the  study  area.  Sandstones,  siltstones,  and 
shales  of  this  member  are  locally  mantled  by  slopewash  and  alluvium. 


Fort  Union  Formation  —  Paleocene 


C^ann£nbaJLl_L_ud_low  Member_-  These  sediments  underlie  but  do  not  crop 
out  in  the  study  area.  The  Cannonball  is  the  youngest  known  marine 
strata  in  the  Northern  Great  Plains  region.  It  consists  of  shale  and 
thin-bedded  sandstone  which  thins  and  interfingers  westward  with  the 
continental  deposited  Ludlow. 

Tongue_River_Membe£  -  consists  of  an  alternating  sequence  of  fluvial 
deposited  sandstone,  siltstone,  and  shale  with  associated  beds  of 
lignite.  It  is  similar  to  the  overlying  Sentinel  Butte  Member,  and 
in  places,  cannot  be  distinguished  from  it.  It  also  does  not  crop  out 
in  the  study  area. 

£^Htinel_But_te_M£mber  -  consists  of  an  alternating  sequence  of  sandstone, 
siltstone,  shale,  carbonaceous  shale,  and  lignite  with  thin  calcareous 
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Plate  6 


GENERALIZED  STRATIGRAPHIC  COLUMN -COAL  AND  CARBONACEOUS  SHALE  BEDS 
RATTLESNAKE  BUTTE  STUDY  AREA- DICKINSON  COALFIELD -NORTH  DAKOTA 
PORTION  OF  THE  FORT  UNION  FORMATION 


SENTINEL 

BUTTE 

MEMBER 


HO  to  210 
(Ave.  1 70 '  1 


TONGUE 

RIVER 

MEMBER 


T  -  Q5  to  i.o  ft.  Present  in  the  northern  part  of  the  study  area  and  on  extreme  highs  in  the  southern  part  Discontinuous 
carbonaceous  shale  in  areas  Approximately  50  to  75  ft.  above  the  H,(E)  or  Heart  River  Coalbed. 


n  -  0.5  to  3.0  ft.  Eroded  from  all  except  extreme  highs  in  the  southern  part  of  the  study  area  The  thickest  zones  may  be 
recoverable  Discontinuous  or  carbonaceous  shole  in  some  a'reos.  10  to  55  ft.  above  the  II, (E)  or  Heart  River  Coolbed 


HI  -  10  to  2.0  ft  Present  in  only  a  fe*  drill  holes.  Discontinuous  or  carbonaceous  shale  in  most  of  the  study  orea.  Approximately 
5  to  20  ft.  above  the  H,(E)  or  Heart  River  Coalbed 

U  -  4.0  to  12.0  ft.  (Ave  8.7  ft.)  Thins  in  west  central  part  of  the  study  area  Eroded  from  much  of  the  south  central  port  of  the 
the  study  area  Approximately  40  to  130  ft  above  the  HU,  (D)  or  Fryburg  Coalbed.  Heart  River  Coolbed 


I  -  0.3  and  30  ft.  Present  in  only  two  drill  holes  in  the  northern  edge  of  the  study  area.  Possibly  local  beds  at  each  drill  site  that 

may  not  be  related  to  eoch  other.  Lies  8  arid  57  2  ft  below  the  E,(E)or  Heart  River  Coalbed 

YL  -  I.o  to  4.0  ft  Cljnkered  in  thickest  zones  in  the  southern  part  of  the  study  area.  Discontinous  or  carbonaceous  shale  in  other  areas 

Approximately  20  to  50  ft.  below  the  H,  (E)  or  Heart  River  Coalbed 

3ZH  -  0.5  to  3.0  ft  Discontinuous  or  carbonaceous  shale  in  parts  of  the  study  area  Approximately  35  to  65  ft.  below  the  E,(E)  or 
Heart  River  Coolbed 


HH  -  1.4  to  180  ft  (Ave.  8  4  ft  )  Thickest  along  the  southern  edge  of  the  study  area  Thinnest  in  the  northwest  Some  drill  holes  in  the 
east  central  part  of  the  study  area  contain  o  thin  shale  parting.  Approximately  40  to  110  ft.  (Ave  76  ft.)  below  the  H,  (E)  or 

Heart  River  Coalbed.  Fryburg  Coalbed 

7Y  —  i.o  to  1.5  ft  Discontinuous  or  carbonaceous  shale  in  parts  of  the  study  area.  Approximately  6  to  15  ft  below  the  HEL  ,  (D)  or 
Fryburg  Coalbed 

H  —  1.0  to  3.0  ft.  Discontinuous  or  carbonaceous  shale  in  parts  of  the  study  area  Approximately  15  to  35  ft  below  the  HE, (Dior 
Fryburg  Coalbed. 


TT  —  0.5  to  2.0  ft  Discontinuous  or  carbonaceous  shale  in  parts  of  the  study  area  Approximately  65  to  70  ft  below  the  HE ,  (D)  or 
Fryburg  Coalbed 


ytt  -  |,o  to  2  0  ft  Discontinous  or  carbonaceous  shale  in  parts  of  the  study  area.  Approximately  110  to  140  ft  below  the  HE, 
(D)  or  Fryburg  Coalbed 


H 


hh 


-  6.0  to  10.0  ft  (Ave  80  ft.)  About  150  to  190  ft.  below  the  HE,  (D)  or  Fryburg  Coalbed  HT  Butte  I  Coolbed 
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or  siliceous  cemented  concretions.  In  general,  the  sandstones  are  fine 
grained  and  uncemented.  Shales  vary  from  soft,  plastic  clayshale  to 
moderately  indurated  claystone.  Shale  and  siltstone  zones  readily  break 
down  and  form  slopes  beneath  sandstone  ledges.  Correlation  of  clastic 
sediments  over  short  distances  is  difficult  due  to  facies  changes, 
channeling  and  variation  in  bedding  thickness.  Laboratory  analyses  conduc¬ 
ted  on  core  samples  from  the  Rattlesnake  Butte  Study  Area  indicate  that 
chemical  and  physical  properties  of  the  bedrock  generally  cannot  be  pro 
jected  between  drill  holes.  Weathered  exposures  are  usually  pale  olive 
or  yellowish-gray  in  color;  while  fresh  core  samples  vary  from  light  to 
dark  gray.  Marcasite  and/or  pyrite  nodules  are  found  along  zones  of. 
higher  permeability,  such  as  fractures  and  bedding  planes.  The  Sentinel 
Butte  Member  was  deposited  in  a  continental  environment  which  included 
swamps  conducive  to  the  production  of  thick  lignite  beds.  Lignite  zones 
serve  as  excellent  markers  because  they  can  usually  be  traced  over  wide 
areas.  This  member  is  up  to  650  feet  thick. 

Striking  features  in  the  Sentinel  Butte  and  Tongue  River  Members  are  the 
resistant  clinker  zones,  locally  called  "scoria"  that  cap  knobs  or  armor 
valley  walls.  The  clinker,  which  is  fused  or  baked  rock,  was  produced 
by  the  burning  of  lignite  beds  along  and  back  from  their  outcrops.  In 
places  where  the  heat  was  sufficiently  intense,  the  clinker  has  been 
fused  to  a  dark  gray,  lightweight  rock  similar  in. appearance  to. vesicular 
basalt.  Near  the  outer  edge  of  thermal  metamorphism,  the  rock  is  diso 
riented,  baked,  and  red  to  orange  in  color.  Alteration  of  the  overlying 
material  is  roughly  proportional  to  the  original  thickness  of  lignite  that 
has  burned.  A  lignite  bed  20  feet  thick  will  produce  clinker  zones  40  to 
60  feet  thick.  The  clinker  is  highly  permeable  and  locally  supplies  water 
for  springs  and  wells. 

Clinker  in  the  Rattlesnake  Butte  Study  Area  was  usually  produced  by  burning  of 
the  IV  (Heart  River)  Coalbed.  Outcrops  occur  along  most  major  drainages. 

They  are  shown  on  the  Geologic  Investigations  Map,  Plate  5.  Some  of  the 
IV  Coalbed  may  remain  beneath  the  clinker  because  subsurface  explorations 
and  surface  mining  in  other  areas  indicate  that  lower  sections  of  thick 
coalbeds  are  not  always  burned  beneath  clinkered  areas.  An  extensive 
drilling  program  would  be  required  to  determine  the  amount  of  coal  which 
underlies  the  thermally  altered  rock.  For  the  purpose  of  this  report,  it  is 
assumed  (1)  that  all  lignite  has  burned  beneath  clinkered  areas  and 
(2)  that  the  contact  between  baked  and  unbaked  rock  is  vertical. 

Golden  Valley  Formation  -  Eocene  -  consists  of  about  200  feet  of  alternating 
shales,  silt stones,  and  crossbedded  sandstones.  These  sediments,  which 
overlie  the  Sentinel  Butte  Member,  have  been  eroded  from  the  study  area. 

Alluvium  -  Holocene  -  consists  of  unconsolidated  clay,  silt,  sand,  and 
gravel  that  covers  valley  floors.  It  was  not  differentiated  in  the 
study  area  because  of  slopewash  and  the  residual  soil  mantle. 


11 


Lignite  Beds 


Thirteen  lignite  and/or  lignitic  shale  beds,  I  through  XIII,  were 
penetrated  by  drilling  in  the  Rattlesnake  Butte  Study  Area.  Brief 
descriptions  of  these  beds  are  found  on  the  generalized  stratigraphic 

column,  Plate  6. 

Two  coalbeds  are  of  primary  economic  significance  in  the  study  area. 

They  are  the  IV  and  VIII  Coalbeds.  In  previous  reports,  they  have  been 
named  respectively  the  "E"  or  Heart  River  Coalbed  and  the  "D"  or  Fryburg 
Coalbed . 

The  IV  Coalbed  is  the  only  one  that  crops  out  in  the  study  area.  Outcrops, 
often  clinkered,  are  found  along  most  drainages.  The  bed  has  been  eroded 
from  most  of  the  south-central  part  of  the  study  area.  It  ranges  in 
thickness  from  4  to  12  feet,  with  an  average  of  8.7  feet.  Thickness 
countours  are  shown  on  Plate  27.  The  IV  Coalbed  lies  under  less  than  150 
of  overburden  except  for  a  few  scattered  highs  along  the  east-central  edge 
of  the  study  area,  and  most  of  the  coalbed  actually  has  less  than  100  feet 
of  overburden  resting  on  it  (Plate  27) . 

The  VIII  Coalbed  underlies  the  whole  study  area,  but  does  not  crop  out. 

It  has  a  wide  range  of  thicknesses  from  1.4  to  18  feet  with  an  average  of 
8.4  feet.  The  thickest  area  is  along  the  southern  edge  of  the  study  area. 
Coalbed  thickness  contours  are  shown  on  Plate  28.  The  VIII  Coalbed  contains 
a  thin  parting  of  interburden  within  part  of  the  southeastern  portion  of  the 
study  area.  The  split  area  is  shown  on  Plate  28.  Overburden  thickness 
contours  on  Plate  28  indicate  that  nearly  all  the  VIII  Coalbed  lies  under 
less  than  200  feet  of  overburden. 

Two  other  coalbeds  (II  and  VI)  contain  thick  zones  which  will  probably  be 
recoverable  during  mining  operations  for  more  desirable  coalbeds.  The  II 
Coalbed  is  generally  limited  to  the  northern  part  of  the  study  area  and  the 
VI  Coalbed  to  the  southern  part. 

The  XIII  (HT  Butte  1  Coalbed)  was  penetrated  by  drilling  in  the  Rattlesnake 
Butte  Study  Area,  and  although  it  has  a  significant  thickness  (about  8  feet), 
it  probably  lies  too  deep  for  conventional  strip  mining. 


Structure 

The  study  area  is  located  on  the  southwestern  flank  of  the  Williston  Basin. 
Sediments  are  essentially  flat  lying.  Structure  contours  drawn  on  top  of 
the  IV  and  VIII  Coalbeds,  Plates  27  and  28,  indicate  that  a  forked  ridge 
trends  across  the  area  from  the  northwest  to  the  south  and  east.  Low  areas 
occur  in  the  northeast,  southeast  and  southwest  corners  of  the  study  area. 
The  features  may  be  the  result  of  differential  compaction  and  may  not  be 
expressed  at  depth. 

Small  local  faults  exist  throughout  the  area  as  indicated  by  the  slicken- 
sides  exhibited  in  drill  core  samples..  These  are  generally  restricted  to 
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Plate  27 


EXPLANATION 

_ _ 2560~~  Structure  contour  on  top  ot  IZ  Coolbed. 

—  — ■9-''''’  Thickness  contour  ot  IZ  Coolbed. 

- — IOO —  Overburden  thickness  contour  above  IZ  Coolbed. 

. — IZ - Bose  of  IZ  Coolbed. 

_ _ T7T —  Base  of  ZI  Coolbed. 

v  v  v  v  Coolbed  burned  at  outcrop. 


*  y  ✓ 


Altered  shole,  siltstone  ond  sandstone  (  clinker)  produced 
by  burning  the  IZ  Coolbed. 


f  OH  79-112  Water  ond  Power  Resource  Set-vice  drill  hole  4  6  feet 

4  6  @)  2600.7  0f  C0Q|  w,ff,  f0p  elevation  of  2600.7  feet 

140-98-6  ABC  Drill  hole  from  USGS  doto.  12  feet  of  cool  with  fop 
12  Q>  2568  elevation  at  2568  feet 

OVERBURDEN  ABOVE  IZ  COALBED 

K'v.'-i'i-il  0  to  50  feet 

50  to  100  feet 

]  100  to  150  feet 

[~~  ~~|  Over  150  feet 

NOTES-  IZ  Coolbed  is  the  "E"  or  Heort  River  Coolbed  in  other 
reports. 

Elevotions  ond  thicknesses  shown  in  feet,  multiply  feet  by 
0.3048  to  obtoin  meters. 
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Plate  28 


EXPLANATION 

~—2460“^  Structure  contour  on  top  of  -Min  Coalbed. 
_» -9— ^  Thickness  contour  of  -MILL  Coalbed 


-IOO- 


Overburden  thickness  contour  obove  -Mill  Coalbed. 
Includes  higher  coalbeds. 


OH  79-105  Water  on d  Power  Resources  Service  drill  hole  9.5  feet 
9.5  @  2525.3  of  cool  wittj^Jipp  elevotion  ot  2525.3  feet. 

140-98-10  DOD  Drill  hole  from  USGS  data.  9  feet  of  coal  with  top 
9  @  2478  elevotion  ot  2478  feet. 


OVERBURDEN  ABOVE  ~ZHT  COALBED 
0  to  50  feet 


50  to  100  feet 
100  to  150  feet 
150  to  200  feet 
:  J  Over  200  feet 


NOTES  ••  Mill  Coalbed  is  the  D  or  Fryburg  Coolbed  in  other  reports. 


Elevotions  and  thicknesses  shown  in  feet ,  multiply  feet  by 
0.3048  to  obtain  meters. 
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weak,  plastic,  carbonaceous  shales  immediately  above  or  below  lignite  beds. 
Displacement  along  these  fractures  could  not  be  determined  but  probably  does 
not  exceed  5  feet. 


Paleontology 

Geologic  mapping  did  not  reveal  any  significant  or  unusual  paleontological 
sites  in  the  study  area.  Fossils  in  the  Sentinel  Butte  Member  are  generally 
obscured  by  the  mantle  of  residual  or  alluvial  soils.  Fossils  found  in  drill 
core  samples  included  calcareous  shells  and  carbonaceous  tree  fragments.  None 
of  these  were  collected  for  identification. 

Mineral  Resources 

Natural  gas  and  oil  are  the  only  minerals,  other  than  coal,  that  are  present 
in  the  study  area.  At  least  two  wells  in  the  area  are  presently  producing. 

Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Rattlesnake  Butte  Study  Area.  The  Rattlesnake  Butte  rock  is  somewhat 
softer  and  contains  more  shale,  but  physical  property  test  results  for 
it  should  be  similar  to  those  of  Fort  Union  Formation  samples  tested  at 
the  Otter  Creek  Study  Site,  Montana  (EMRIA  Report  No.  1). 

Much  of  the  bedrock  at  the  Rattlesnake  Butte  Study  Area  consists  of 
bentonitic  shales  which  are  susceptible  to  minor  shrinking  and  swelling. 

Shear  strengths  of  the  material  are  low,  especially  in  a  saturated  condition. 
Slides  could  easily  develop  adjacent  to  high  walls  in  surface  mines, 
particularly  along  beds  of  weak,  plastic,  carbonaceous  shales  which  are 
typically  cut  by  inherent  slickensides.  Adequate  drainage  will  have  to  be 
maintained  to  relieve  pore  water  pressure  in  the  overburden  as  mine 
excavations  progress. 

Saturated,  uncemented  siltstones  and  fine  grained  sandstones  will  readily 
erode  and  flow  into  excavations.  This  problem  is  sometimes  encountered 
in  drilling  when  the  walls  of  holes  collapse  or  slough.  Depth  of 
excavation  will  be  limited  by  the  water  table  until  these  materials  are 
dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be 
dependent  on  exposure  time,  moisture  conditions,  material  types  and  depth 
of  cut.  Detailed  engineering  studies  of  the  overburden  will  be  required 
at  each  location  for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  site  indicate  that  disturbed  over¬ 
burden  (spoil  banks  and  piles)  should  have  slopes  not  greater  than  A  to  1 
with  berms  of  50  to  100  feet  in  width  designed  on  the  slope  surface. 
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Stability  of  the  Present  Landscape 


In  its  present  undisturbed  state,  the  Rattlesnake  Butte  Study  Area 
experiences  no  problems  with  land  stability.  Landslides  do  not  occur 
because  of  the  gentle  slopes  and  subsidence  is  not  a  problem. 

Overburden  Expansion 


Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining. 

The  increase  in  volume  (bulking  or  swell)  differs  for  various  types  of 
soil  and  rock.  Soft  sandstones  and  shales  in  the  Fort  Union  Formation 
will  probably  expand  about  25  percent.  In  some  cases,  the  surface  of 
the  replaced  overburden  will  be  higher  after  mining  than  the  ground 
surface  was  before  disturbance. 

Instability  of  the  Postmining  Landscape  1/ 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in 
the  Northern  Great  Plains.  They  are:  (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.  Each  type  of  instability  is  affected  by  variables 
in  the  postmining  landscape.  These  include  the  physical  and  chemical 
characteristics  of  the  overburden,  methods  and  equipment  used  in  stripping 
and  contouring  operations,  and  the  season  when  these  activities  occur. 

Area-wide  settling  is  common  in  most  postmining  landscapes,  but  appears 
to  cause  only  minimal  disruption.  This  settlement  will  generally  be  most 
pronounced  during  the  first  year  and  will  continue  at  a  decreasing  rate 
with  the  progression  of  time. 

The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement. 
Fine-textured  (clayey)  overburden  usually  results  in  more  blocky  and, 
initially,  more  porous  spoils  than  does  coarse-textured  (sandy)  overburden. 
Therefore,  a  lesser  degree  of  settlement  is  expected  in  areas  of  largely 
sandy  spoils  than  in  areas  of  clayey  spoils. 

Equipment  is  also  a  critical  factor.  Settlement  is  significantly  less 
in  scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if 
contouring  is  conducted  in  mid-winter.  This  is  because  a  greater  degree 
of  compaction  is  achieved  in  scraper-contouring  operations  than  in  dozer- 
contouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete 
development  within  a  year.  They  commonly  occur  in  precontouring  valley 
areas  where  frozen  spoil  blocks  are  concentrated  by  final,  mid-winter  dozer 
contouring.  Thawing  of  these  blocks  results  in  local  surface  subsidence. 

In  contrast,  areas  contoured  in  mid-winter  with  a  scraper  are  stable  because 
large  blocks  of  frozen  spoil  are  broken  apart,  spread,  and  compacted.  This 
type  of  landscape  instability  is,  therefore,  largely  equipment  and 
seasonally  controlled. 


1/  Groenewold,  G.H.,  and  Rehm,  B.W.,  1980. 
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Piping  appears  to  be  a  severe  and  long  term  problem  in  some  postmining 
landscapes.  Development  usually  begins  soon  after  contouring  and  may 
continue  for  several  years.  In  some  postmining  landscapes,  piping  has  only 
started  to  develop  after  as  much  as  5  years  of  apparent  stability.  It  is 
controlled  by  a  combination  of  physical  and  chemical  conditions  in  the  spoils. 

A  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils 
in  areas  containing  highly  dispersive  sodic  material.  These  cracks  allow 
access  for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface. 

Piping  generally  develops  on  nearly  flat  slopes  where  surface  runoff  is 
minimal  and  infiltration  is  maximized. 

Piping,  like  other  instability  problems,  most  commonly  develops  in  areas 
contoured  by  dozers.  Scraper-contoured  areas  generally  are  better  compacted, 
thus  providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 

Weathering  Tests 


Ob.j  ectives 

Laboratory  weathering  and  outdoor  exposure  tests  were  conducted  on  overburden 
samples  from  the  Rattlesnake  Butte  Study  Area.  The  purpose  of  these  tests 
was  to  determine  which  materials  would  break  down  sufficiently  to  allow  for 
their  possible  use  as  planting  media  in  revegetation  of  strip-mined  areas. 

Test  Procedures 


Specimens  for  the  laboratory  weathering  and  outdoor  exposure  tests  were  cut 
from  core  samples  submitted  by  the  Regional  Director,  Billings,  Montana,  under 
his  memorandum  dated  October  1,  1979. 

The  reason  for  including  outdoor  exposure  tests  was  to  determine  if  any 
correlation  could  be  drawn  between  natural  weathering  and  the  laboratory 
weathering  conditions. 

The  laboratory  weathering  cycle  consisted  of  the  following  conditions: 


Freeze-Thaw  Cycle 

1.  Eight  ho 
(wetting/ thawing) . 

2.  Sixt 
Wet-Dry  Cycle 

1.  E 
(wetting) . 

2.  S 

relative  humidity  (drying) . 


1.  Eight  hours  at  75°F.  (23.9°C.),  100  percent  relative  humidity 


2.  Sixteen  hours  (64  hours  on  weekends)  at  0°F.  (-17.8°C.)  (freezing). 


1.  Eight  hours  at  75°F.  (23.9°C.),  100  percent  relative  humidity 


2.  Sixteen  hours  (64  hours  on  weekends)  at  100°F.  (37.8°C.),  10  percent 
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The  core  specimens  tested  were  approximately  50  mm  (2  inches)  in  length. 
For  testing  and  handling,  each  core  specimen  was  placed  on  a  No.  10  mesh 
screen  in  a  400-ml  plastic  beaker. 

Laboratory  weathering  tests  were  started  on  January  22,  1980,  and  20 
laboratory  weathering  cycles  were  completed  on  March  24,  1980.  For 
natural  weathering,  the  core  specimens  were  placed  in  the  outdooor 
exposure  test  area  at  the  E&R  Center  on  January  22,  1980.  These 
specimens  were  evaluated  after  10  weeks  and  again  after  1  year  of 
weathering. 

During  the  1-  year  period  of  time,  the  specimens  were  subjected  to  about 
356  mm  (14  inches)  of  precipitation,  with  over  half  occurring  in  May  and 
June. 

Tests  Results 


Laboratory  Weathering 

Test  results  of  laboratory  weathering  are  summarized  in  Table  3,  Appendix  B, 
and  shown  visually  on  Photographs  6  through  10,  Appendix  B. 

At  the  completion  of  the  laboratory  weathering  tests,  a  percent  breakdown 
value  (%BD)  was  determined  for  the  specimens.  This  value  listed  under  the 
Remarks  column  in  the  tables  was  derived  as  follows: 


%BD  =  TW  -  IW  (100) 
TW 


where 


TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen  remaining  intact 
after  testing. 

Based  on  discussions  with  the  Agronomy  Department,  Colorado  State  University, 
concerning  soil  texture  necessary  as  a  planting  medium  (minimum  of  30  percent 
by  weight  passing  a  No.  100  screen),  only  sandstone  samples  R-16  through  R-20 
from  the  Rattlesnake  Butte  Study  Area  broke  down  sufficiently  to  be  considered 
for  possible  use  as  a  planting  media.  Sandy  silts tone  sample  R-6  broke  down 
sufficiently,  but  it  exhibited  severe  swelling  when  wetted  and  would  probably 
be  difficult  to  handle  and  place  during  earthmoving  operations.  Shale  sample 
R-9  softened  upon  wetting  but  returned  to  a  hard  state  after  drying.  Also, 
some  salt  leaching  was  noted  for  this  material. 


Outdoor  Weathering 

After  only  10  weeks  of  outdoor  weathering,  the  samples  exhibited  very  little 
physical  change.  Test  results  are  summarized  in  Table  3,  Appendix  B,  and 
on  Photographs  11  through  15,  Appendix  B. 
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At  the  end  of  1  year  of  outdoor  exposure  the  core  samples  were  again  evaluated. 
Test  results  are  summarized  in  Table  4,  Appendix  B,  and  on  Photographs  16 
through  20,  Appendix  B.  A  percent  breakdown  value  (%BD)  was  determined  using 
the  same  method  as  for  laboratory  weathering,  and  the  percent  weight  passing 
a  No.  10  mesh  screen  was  determined  for  each  specimen.  These  values  are  listed 
under  the  Remarks  Column  in  Table  4,  Appendix  B. 

Of  the  overburden  samples  from  the  Rattlesnake  Butte  Study  Area,  all  exhibited 
various  degrees  of  weathering,,  but  only  four  attained  the  soil  texture  necessary 
as  a  planting  medium.  These  included  shale  samples  R— 2  and  R— 5,  and  clayey 
sandstone  samples  R-12  and  R-15.  However,  all  four  swelled  upon  wetting  and 
would  probably  be  difficult  to  handle  and  place  during  earthmoving  operations. 

Material  Sources 

Earth  materials  suitable  for  most  construction  can  be  found  within  or  near  the 
Rattlesnake  Butte  Study  Area.  Material  types  and  sources  are  noted  below: 

Impervious  -  clayey  or  silty  material  that  can  be  used  for  construction  of 
embankments  or  as  canal  lining.  It  can  be  obtained  from  the  residual  soil 
that  covers  part  of  the  uplands  or  from  local  zones  within  the  alluvium  of 
the  valley  floors. 

Pervious  -  clean  sand  or  gravel  suitable  for  use  as  filters  or  other  types  of 
structures  where  free  drainage  is  required.  It  can  probably  be  found  in 
selected  sites  along  Heart  or  Green  River,  a  few  miles  from  the  study  area. 

Concrete  Aggregate  -  clean  sand  and  gravel  similar  to  the  pervious  material 
noted  previously.  Some  is  found  in  local  deposits  along  the  Green  River, 
but  it  has  not  been  very  satisfactory.  Most  Dickinson  ready-mix  firms  use 
aggregate  hauled  in  from  near  Glendive,  Montana,  a  distance  of  about  100  miles. 

Clinker  (Scoria)  -  thermally  altered  rock  formed  by  heat  from  the  burning  of 
coalbeds.  It  is  usually  reddish  in  color,  reasonably  hard  and  brittle.  It 
crushes  easily  and  in  commonly  used  for  road  fill  and  surfacing.  It  can  be 
found  in  several  places  within  the  study  area  where  the  IV  Coalbed  has  burned 
along  its  outcrop. 

Riprap  -  durable,  reasonably  well-graded  mixture  of  rock  fragments  generally 
ranging  from  about  6  inches  to  2  or  3  feet  diameter  used  for  surface  protection 
from  running  water.  Ideally,  individual  fragments  should  be  angular  to  remain 
stable  on  steep  slopes.  No  riprap  sources  are  within  the  Rattlesnake  Study 
Area.  A  sandstone  quarry  a  few  miles  south  of  Dickinson  produces  material  that 
has  been  used  by  the  city  for  bank  protection,  but  the  material  lacks  durability 
and  would  have  to  be  replaced  periodically.  Probably  the  closest  sources  of 
suitable  rock  are  the  Black  Hills  of  South  Dakota  or  the  granitic  basement  rocks 
of  extreme  eastern  North  Dakota. 

Seismic 


The  Rattlesnake  Butte  Study  Area  lies  within  a  relatively  stable  part  of  North 
America.  All  of  North  Dakota  is  within  Zone  1  of  the  Algermisson  Seismic  Risk 
Map.  In  this  zone  distant  earthquakes  can  cause  minor  damage  to  structures  with 
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fundamental  periods  greater  than  1.0  second.  (Corresponds  to  intensities 
V  and  VI  of  the  Modified  Mercalli  Intensity  Scale  of  1931). 

No  earthquakes  of  intensity  V  or  above  (Modified  Mercalli)  have  occurred 
within  North  Dakota  during  historical  times.  Earthquakes  centered  in 
Iowa,  Minnesota,  Montana,  Nebraska,  and  a  Canadian  shock  have  been  felt 
in  the  state.  A  list  of  earthquakes  that  have  been  felt  in  North  Dakota 
follows,  but  much  of  the  information  on  exact  location  and  intensity  is 
unknown. 


Distance  From 

Intensity  Rattlesnake  Butte 


Date 

(Modified  Mercalli) 

Study  Area 

Located  Near 

Oct.  9,  1872 

Unknown 

425  miles 

Sioux  City,  IA 

Nov.  15,  1877 

Unknown 

Unknown 

IA  or  NE 

May  15,  1909 

Unknown 

Unknown 

SK,  Canada 

Oct.  26,  1946 

IV 

95  miles 

Williston,  ND 

Aug.  17,  1959 

IX 

435  miles 

Hebgen  Lake,  MT 

July  8,  1968 

IV 

110  miles 

Huff,  ND 

July  9,  1975 

Unknown 

330  miles 

Morris,  NM 
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COAL  RESOURCES- 


1/ 


Introduction 


This  report  was  prepared  as  a  contribution  to  the  study  of  the  reclamation 
potential  of  the  Rattlesnake  Butte  EMRIA  study  site  in  the  Dickinson  coal 
field  in  southwestern  North  Dakota  (Fig.  2).  The  area  was  selected  by  the 
U.S.  Bureau  of  Land  Management  to  be  included  in  the  EMRIA  (Energy  Minerals 
Rehabilitation  Inventory  and  Analysis)  program  in  order  to  evaluate  the 
reclamation  potential  of  sediments  from  the  Tertiary  Fort  Union  Formation  in 
this  part  of  the  Williston  Basin. 

The  Rattlesnake  Butte  EMRIA  study  site  comprises  about  12,800  acres  of 
land  underlain  by  Federally  owned  coal  in  an  area  of  approximately  35,000 
acres  where  the  surface  rights  are  under  private  ownership  (Table  6) .  The 
study  site  has  its  unusual  configuration  due  to  the  "checkboard"  pattern  of 
federally  owned  mineral  rights  (Fig.  2)  that  dates  back  to  the  railroad  grants 
made  by  Congress  in  1862,  where  railroad  corporations  were  to  receive  every 
alternate  section  of  land  in  belts  ranging  in  width  from  20  to  40  miles  on 
each  side  of  the  railroad  (Bass,  Smith  and  Horn,  1970).  The  area  is  located 
12  miles  (18  km)  to  the  west  of  the  city  of  Dickinson,  North  Dakota,  within 
the  Belfield,  Belfield  NE,  Fairfield  SE,  New  Hradec  North,  and  New  Hradec 
South  7^  minute  quadrangles. 

Coals  of  the  Rattlesnake  Butte  study  site  were  evaluated  on  the  basis  of 
drill-hole  data  and  surface  studies.  During  January  and  February  of  1978  and 
January  through  April  of  1979,  the  Bureau  of  Reclamation  mapped  the  surface 
geology  and  drilled  fifteen  holes  using  continuous  coring  methods  for  the 
EMRIA  program.  Twenty-nine  additional  rotary  holes  were  drilled  during  the  1978 
and  1979  field  seasons  by  the  U.S.  Geological  Survey  in  the  vicinity  of  the 
study  site  (Fig.  2) . 


Stratigraphy 

The  Paleocene  Fort  Union  Formation  contains  the  three  lignite  beds 
evaluated  for  the  Rattlesnake  Butte  study  site.  In  this  area  the  Fort  Union 
Formation  consists  of  four  members,  in  ascending  order,  the  Cannonball, 

Ludlow,  Tongue  River,  and  Sentinel  Butte  (Fig.  3). 

The  marine  Cannonball  Member  consists  of  sandstone  and  shale.  It 
intertongues  with  the  overlying  nonmarine  Ludlow  Member,  which  consists  of 
sandstone,  siltstone,  shale,  and  lenticular  lignite  beds.  The  nonmarine 
Tongue  River  and  Sentinel  Butte  Members  both  consist  of  sandstone,  siltstone, 
shale,  and  one  or  more  thick  continuous  lignite  beds.  The  contact  between  the 
Tongue  River  Member  and  the  Sentinel  Butte  Member  is  placed  at  the  top  of  the 
HT  Butte  lignite  bed.  Only  the  Sentinel  Butte  Member  crops  out  in  the  study 
site. 

The  three  lignite  beds  of  significant  thickness  in  this  area  are:  the  HT 
Butte  (or  XIII)  lignite  bed  in  the  Tongue  River  Member;  the  Fryburg  (or  VIII) 
lignite  bed  and  the  Heart  River  (or  IV)  lignite  bed  in  the  Sentinel  Butte 
Member. 


1 J  A  section  describing  the  origin,  classification,  rank,  type,  and  grade 
of  coal  is  included  for  reference  in  Appendix  C. 
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The  stratigraphically  lowest  bed,  the  HT  Butte  bed,  which  was  penetrated 
in  13  drill  holes,  ranges  in  thickness  from  4  to  14  feet  (1.2  to  4.3  m)  at 
depths  of  200  feet  (61  m)  or  more.  In  six  holes,  in  the  eastern  part  of  the 
study  site,  the  bed  splits  into  two  beds.  Interburden  between  the  two  beds 

ranges  from  7  to  42  feet  (2.1  to  12.8  m)  thick.  Where  interburden  thickness 

exceeds  the  upper  lignite  thickness,  the  upper  coal  is  referred  to  as  the  HT 

Butte  rider  lignite  bed.  The  lignite  in  the  rider  ranges  from  2  to  5  feet 

(0.6  to  1.5  m)  thick. 

The  Fryburg  bed,  which  was  penetrated  in  41  drill  holes,  is  85  to  195  feet 
(26  to  59  meters)  above  the  HT  Butte  bed,  and  ranges  from  1.4  to  18  feet 
(0.4  to  5.5  m)  thick  at  depths  of  35  to  198  feet  (10.7  to  60.3  m) .  In  the 
southeastern  part  of  the  study  site,  the  bed  contains  a  thin  parting  of 
rock.  This  lignite  bed  does  not  crop  out  anywhere  in  the  study  site. 

The  uppermost  bed,  the  Heart  River  bed,  which  was  penetrated  in  33  drill 
holes,  is  31  to  130  feet  (9  to  40  m)  above  the  Fryburg  bed,  and  ranges  from 
4  to  12.5  ft  (1.2  to  3.8  m)  thick  at  depths  of  13  to  139  feet  (4  to  42.4  m) . 
This  lignite  bed  crops  out  in  this  area  and  in  places  has  burned  on  outcrop, 
producing  heat  that  has  baked  the  overlying  rocks  into  brittle,  resistant, 
reddish  rock  called  clinker.  For  the  purposes  of  calculating  coal  resources, 
it  is  assumed  that  the  contact  between  burned  and  unburned  lignite  is 
vertically  below  the  contact  between  baked  and  unbaked  rock. 

Chemical  analysis  of  coal  in  the  Rattlesnake  Butte  Study  Site 

Proximate  analysis,  sulfur  content,  and  heat  content  on  19  lignite  samples 
(Table  7)  were  provided  by  chemists  from  the  Coal  Analysis  Section  (John 
Puskas,  Acting  Chief),  U.S.  Department  of  Energy,  Pittsburgh,  Pa.,  whose 
contribution  is  gratefully  acknowledged. 

Seven  samples  taken  from  the  Heart  River  lignite  bed  in  the  Rattlesnake 
Butte  study  site  have  ash  contents  that  range  from  5.5  to  9.1  percent, 
averaging  6.4  percent,  and  have  sulfur  contents  that  range  from  0.4  to 
2.6  percent,  averaging  0.8  percent.  Nine  samples  taken  from  the  Fryburg 
lignite  bed  in  the  Rattlesnake  Butte  study  site  have  ash  contents  that 
range  from  8.9  to  17.2  percent,  averaging  12.2  percent,  and  have  sulfur 
contents  that  range  from  0.3  to  3.0  percent,  averaging  1.1  percent.  The 
HT  Butte  lignite  bed  was  not  sampled  in  this  area.  A  more  detailed  break¬ 
down  of  analyses  of  the  Heart  River  and  Fryburg  lignite  beds  is  in  Table  7. 
Compared  to  488  samples  of  other  U.S.  coal  (Swanson  and  others,  1976), 
lignite  of  the  Heart  River  bed  has  relatively  high  moisture  content,  low 
sulphur  content,  low  heat  of  combustion,  and  low  ash  content;  when  applying 
the  same  comparison  to  the  lignite  of  the  Fryburg  bed,  the  Fryburg  has 
relatively  high  moisture  content,  low  sulfur  content,  a  low  heat  of  combus¬ 
tion,  and  a  slightly  higher  ash  content. 

Characteristics  Used  in  Resource  Evaluation 


The  coal  characteristics  that  are  commonly  used  in  classifying  coal 
resources  are:  rank,  grade,  and  density  of  the  coal;  thickness  of  the 
coal  beds;  and  thickness  of  the  overburden.  Rank  and  grade  are  discussed 
in  Appendix  C. 
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Table  6 


Table  6 — Legal  description  of  land  underlain  by 
Federally  owned  coal  In  the  Rattlesnake  Butte 

EMRIA  study  site 


T.  140  N.,  R.  98  W. 
sec .  2 

sec.  4 
sec.  6 

nV2  ,  W  v2  SW  V4  ,  SE  V4  SW  V4  ,  w  V2  SW  V4  SE  V4  ,  sec .  8 
N  V2  sec.  10 
W  V2  sec.  14 
sec.  18 
sec.  20 

NW  V4  ,  S  V2  ,  sec.  22 

N  V2  ,  N  V2  SW  V4  ,  SE  V4  SW  V4  ,  SE  V4  ,  sec.  26 
NE  V4  ,  S  V2  ,  sec.  28 
W  V2  sec.  30 

S  V2N  V2  ,  SW  V4  ,  sec.  32 

NE  V4  ,  N  V2  NW  V4  ,  S  V2  SW  V4  ,  SE  V4  ,  sec.  34 
T.  140  N.,  R.  99  W. 

NE  V4  ,  SV2S  V2NW  V4  ,  SW  V4  ,  SE  V4  ,  sec.  2 
sec.  10 

S  V2  N  V2  *  S  V2  m  sec.  12 
sec.  14 

NV2,  SE  V4  ,  sec.  22 
sec.  24 

NE  V4  ,  S  V2  »  sec.  26 

N  V2  N  V2  ,  S  V2  NW  V4  ,  N  V2  SW  V4  ,  SV2S  V2  ,  sec.  34 
T.  141  N.,  R.  97  W. 

W  V2  sec.  32 
T.  141  N.,  R.  98  W. 

S  V2  SW  V4  sec.  26 
sec.  32 

NE  V4  ,  SE  V4  ,  sec.  34 


Table  7 


Table 

[All 


7 _ Chemical  analyses  of  19  lignite  samples  from  the  Rattlesnake  Butte  EMRIA  study  site 

analyses  are  in  percent  except  Btu/lb;  to  convert  feet  to  meters  multiply  by  0.305;  to 

convert  Btu/lb  to  Kcal/kg  multiply  by  0.556.] 


Prox imate 


Ultimate 


Labora-  Drill 

tory  Coal  bed  hole 

number  name  number 


Depth 

interval 

feet 


Btu/ lb 

Volatile  Fixed  (as— 

Moisture  matter  carbon  Ash  Sulfur  received) 


K99744 

Heart  River 

112-1 

34.3-  38.9 

K99745 

Fryburg 

112-2 

138.5-145.0 

K99746 

Heart  River 

111-1 

20.3-  28.7 

K99747 

Local 

111-2 

125.9-129.7 

K99748 

Fryburg 

111-3 

159.0-165.9 

K99749 

Local 

109-1 

25.8-  29.5 

K99750 

Heart  River 

109-2 

57.5-  68.5 

K99751 

Fryburg 

109-3 

116.1-119.7 

K99752 

Heart  River 

107-1 

138.7-149.3 

K99753 

Fryburg 

107-2 

181.1-183.5 

K99754 

Fryburg 

107-3 

187.2-194.7 

K99755 

Heart  River 

110-1 

64.8-  74.8 

K99756 

Fryburg 

110-2 

136.2-149.0 

K99757 

Fryburg 

114-1 

90.5-  94.6 

K99758 

Heart  River 

106-1 

90. 5-108.2 

K99759 

Fryburg 

106-2 

198.7-208.2 

K99760 

Heart  River 

102-1 

48.2-  53.2 

K99761 

Fryburg 

102-2 

139.5-149.6 

K99762 

Local 

102-3 

159.9-164.3 

Heart  River  range 


Heart  River  average 
Fryburg  range 

Fryburg  average 
Range  of  19  samples 

Average  of  19  samples 


42.6 

27.0 

24.9 

5.5 

0.4 

6216 

40.9 

22.3 

23.8 

13.0 

.3 

5316 

45.0 

23.2 

26.0 

5.8 

.5 

5738 

35.7 

20.6 

17.8 

25.9 

.8 

4566 

40.  7 

24.3 

25.4 

9.6 

1.3 

5911 

40.4 

23.9 

21.5 

14.2 

2.6 

5292 

45.7 

23.6 

24.6 

6.1 

.5 

5708 

43.9 

23.0 

24.1 

9.0 

.9 

5607 

45. 1 

23.  5 

25.7 

5.7 

.5 

5825 

39.2 

21.8 

21.8 

17.2 

1.1 

5199 

41.5 

21. 1 

23.3 

14. 1 

3.0 

5210 

44.8 

24.0 

25.2 

6.0 

.8 

5832 

41.  5 

22.7 

23.8 

12.0 

.7 

5505 

39.0 

23.6 

22.6 

14.8 

1.7 

5508 

43.7 

23. 1 

26.3 

6.9 

.6 

5845 

39.6 

22.9 

26.0 

11.5 

.4 

5790 

41.1 

25.3 

24.5 

9.1 

2.6 

5749 

42.7 

24.5 

23.9 

8.9 

.8 

5725 

43. 1 

24.3 

26.1 

6.5 

.4 

5903 

41. 1- 

23.1- 

24.5- 

5.5- 

0.4- 

5708- 

47.7 

27.0 

26.3 

9.1 

2.6 

6216 

44.3 

24.2 

25.3 

6.4 

.8 

5845 

39.0- 

21.1- 

21.8- 

8.9- 

.3- 

5199- 

43.9 

24.5 

26.0 

17.2 

3.0 

5911 

41.0 

22.9 

23.9 

12.2 

1.1 

5530 

35.7- 

20.6- 

17.8- 

5.5- 

0.3- 

4566- 

45.7 

27.0 

26.3 

25.9 

3.0 

6216 

41.9 

23.4 

24.1 

10.6 

1.0 

5602 
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Density 


The  density  of  the  coal  ranges  considerably  with  differences  in  rank  and 
ash  content.  In  areas  such  as  the  Rattlesnake  Butte  EMRIA  study  site,  where 
true  density  of  the  coal  has  not  been  determined,  an  average  density  based 
on  many  determinations  in  other  areas  is  used  to  express  the  density  of  the 
coal  for  resource  calculations.  The  average  density  of  this  lignite  is  assumed 
to  be  1750  tons  per  acre-foot,  and  the  specific  gravity  is  1.29. 

Thickness  of  Beds 


Because  of  the  important  relationship  of  coal  bed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological  Survey 
are  tabulated  according  to  three  thickness  categories.  The  thickness 
categories  used  for  lignite  are  thin  2.5  to  5  feet  (0.75  to  1.5  m) ; 
intermediate  5  to  10  feet  (1.5  to  3  m) ;  and  thick  more  than  10  feet  (3  m) . 
About  32%  of  the  estimated  resources  of  the  study  area  is  in  the  thick 
category,  about  56%  is  in  the  intermediate  category  and  12%  is  in  the  thin 
category.  By  way  of  comparison,  Averitt  (1975,  fig.  5  and  p.  37)  showed  the 
distribution  of  the  estimated  resources  of  21  states  as  42  percent  in  the  thin 
category,  25  percent  in  the  intermediate  category,  and  33  percent  in  the  thick 
category. 


Thickness  of  Overburden 


All  of  the  estimated  lignite  resources  in  the  Rattlesnake  Butte  EMRIA  site 
are  overlain  by  less  than  300  feet  (91  m)  of  overburden. 

Estimation  and  Classification  of  Coal  Resources 


Coal  resource  estimates  have  been  prepared  for  the  Fort  Union  coal  within 
the  Rattlesnake  Butte  EMRIA  study  site  using  standard  procedures,  definitions, 
and  criteria  established  by  the  U.S.  Bureau  of  Mines  and  U.S.  Geological 
Survey  (1976)  for  making  coal  resource  appraisals  in  the  United  States.  The 
term  "coal  resources"  as  used  in  this  report  means  the  estimated  quantity  of 
coal  in  the  ground  in  such  form  that  economic  extraction  is  currently  or 
potentially  feasible. 

Tabulation  of  estimated  coal  resources 

Tables  8-20,  Appendix  C,  summarize  the  estimated  lignite  resources  of  the 
Rattlesnake  Butte  EMRIA  study  site.  The  resources  in  the  study  site  are 
classed  as  measured,  indicated,  and  inferred  according  to  the  degree  of 
geologic  assurance  of  the  estimate. 

Measured  -  Resources  are  computed  from  thicknesses  revealed  in  outcrops, 
trenches,  mine  workings,  and  drill  holes.  The  points  of  observation  and 
measurement  are  so  closely  spaced  and  the  thickness  and  extent  of  coals 
are  so  well  defined  that  the  tonnage  is  judged  to  be  accurate  within  20 
percent  of  true  tonnage.  Although  the  spacing  of  the  points  of 
observation  necessary  to  demonstrate  continuity  of  the  coal  differs  from 
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region  to  region  according  to  the  character  of  the  coal  beds,  the  points 
of  observation  are  no  greater  than  ^  mile  (0.8  km)  apart.  Measured  coal 
is  projected  to  extend  as  a  h  mile  (0.4  km)  wide  belt  from  the  outcrop  or 
points  of  observation  or  measurement. 

Indicated  -  Resources  are  computed  partly  from  specific  measurements  and 
partly  from  projections  of  visible  data  for  a  reasonable  distance  on  the 
basis  of  geologic  evidence.  The  points  of  observation  are  %  (0.8  km)  to  1 
ig  miles  (2.4  km)  apart.  Indicated  coal  is  projected  to  extend  as  a  ^  mile 
(0.8  km)  wide  belt  that  lies  more  than  \  mile  (0.4  km)  from  the  outcrop 
or  points  of  observation  or  measurement. 

Inferred  -  Quantitative  estimates  are  based  largely  on  broad  knowledge  of 
the  geologic  character  of  the  bed  or  region,  because  few  measurements  of 
bed  thickness  are  available.  The  estimates  are  based  primarily  on  an  assumed 
continuation  from  measured  and  indicated  coal  for  which  geologic  evidence 
exists.  The  points  of  observation  are  1%  (2.4  km)  to  6  miles  (9.6  km)  apart. 
Inferred  coal  is  projected  to  extend  as  a  2%-mile  (3.6  km)  wide  belt  that 
lies  more  than  3/4  mile  (1.2  km)  from  the  outcrop  or  points  of  observation  or 
measurement . 


Summary  of  Resources 


Total  estimated  identified  lignite  resources  in  the  Rattlesnake  Butte  EMRIA 
site  are  484  million  tons  (439  million  metric  tons).  Of  this  amount,  58.3 
million  tons  (52.9  million  metric  tons)  are  in  beds  2.5-5  feet  thick,  269 
million  tons  (244  million  metric  tons)  are  in  beds  5-10  feet  thick,  and 
156  million  tons  (141  million  metric  tons)  are  in  beds  more  than  10  feet 
thick.  Measured  resources  total  55.7  million  tons  (50.0  million  metric 
tons) ,  indicated  resources  total  233  million  tons  (211  million  metric  tons) 
and  inferred  resources  total  196  million  tons  (178  million  metric  tons) . 

The  estimated  resources  presented  in  this  report  are  original  resources; 
that  is;  resources  in  the  ground  before  the  beginning  of  mining  operations. 
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OVERBURDEN  -  SOIL  AND  BEDROCK 


Principal  Soil  Bodies* 

Soils  of  the  Rattlesnake  Butte  Study  Area  can  be  placed  in  two  major 
categories  based  on  their  mode  of  development,  landform  position,  and 
parent  material.  They  are:  (1)  residual  soils  on  uplands  developing  in 
weathered  sandstone,  siltstone,  shale,  and  baked  shale  (scoria),  and  (2) 
alluvial/colluvial  soils  on  fans,  footslopes,  swales,  and  terraces  forming 
in  loamy  alluvial/colluvial  deposits.  The  soft  sedimentary  strata  of  the 
Fort  Union  Formation  (Sentinel  Butte  Member)  have  provided  the  parent 
materials  for  both  major  soil  categories.  The  residual  soils  occur  over 
approximately  85  percent  of  the  area.  The  alluvial/colluvial  soils  occupy 
about  10  percent  of  the  area;  minor  soil  inclusions  (i.e.,  wind-deposited 
soils)  occur  on  only  5  percent  of  the  area. 

Four  types  of  residual  soils  were  identified  on  the  basis  of  their  parent 
material  and  textural  composition.  These  are:  (1)  moderately  coarse  and 
coarse— textured  soils  developing  over  soft  sandstone,  (2)  medium— textured 
soils  forming  over  siltstone  and  silty  shale,  (3)  medium-textured  soils 
developing  over  baked  shale,  and  (4)  moderately  fine  to  fine— textured  soils 
forming  over  shale. 

The  moderately  coarse  and  coarse-textured  residual  soils  developing  over 
softly  consolidated  sandstone  occupy  gentle  to  steep  upland  slopes.  The 
depth  of  these  soils  is  variable,  ranging  from  less  than  10  inches  (.25  m) 
to  more  than  60  inches  (1.5  m) .  The  surface  horizon  of  these  soils  is 
typically  a  very  friable,  very  dark  grayish  brown  fine  sandy  loam.  The 
subsurface  horizons  grade  from  dark  brown  fine  sandy  loam  to  pale  yellow 
soft  sandstone.  Permeability  is  moderately  rapid  in  these  soils  and  moisture 
retention  appears  adequate  to  support  the  growth  of  native  range  plants  or 
adapted  crops.  The  surface  layer  is  usually  noncalcareous ,  whereas  the 
subsurface  layers  are  moderately  to  strongly  calcareous.  These  soils  are 
nonsaline  and  nonsodic.  Due  to  their  textures,  these  soils  may  be  highly 
susceptible  to  wind  and  water  erosion,  especially  on  steep  slopes  and  in 
areas  of  sparse  vegetative  cover. 

In  general,  these  soils  should  provide  a  plentiful  source  of  fair  to  good 
quality  material  for  revegetation.  However,  selective  stripping  of  these 
soils  on  steep  slopes  may  be  difficult. 

The  Point  Site  profile  described  in  Table  21,  Appendix  D,  is  representative 
of  this  soil  type. 

The  medium-textured  residual  soils  forming  over  siltstone  and  silty  shale 
occur  in  upland  areas  on  gentle  to  steep  slopes.  Soil  depth  is  closely 
related  to  landform  position,  with  shallow  soils  (less  than  10  inches  - 
.25  m)  occurring  on  steep  slopes  and  deep  soils  (more  than  60  inches  - 
1.5  m)  occupying  gentle  slopes.  The  surface  horizon  is  typically  a  friable, 
very  dark  grayish  brown  silt  loam.  The  subsurface  horizons  grade  from  dark 
gray  silt  loam  to  olive  gray  silty  clay  loam.  Permeability  is  usually  moderate 
in  the  surface  horizon  and  moderately  slow  in  the  finer-textured  subsurface 


*A11  soil  colors  described  are  for  moist  samples. 
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horizons.  Available  moisture  for  plant  use  is  moderately  high.  Generally, 
the  surface  layer  is  noncalcareous ,  whereas  the  subsurface  and  substratum 
are  moderately  to  strongly  calcareous.  The  surface  layer  is  usually  non¬ 
saline;  the  subsurface  layers  are  moderately  to  strongly  saline. 

The  surface  layer  of  these  soils  will  provide  an  adequate  supply  of  good 
quality  revegetative  media.  Due  to  their  fine  texture  and  salinity,  the 
subsurface  layers  should  be  replaced  below  the  plant  rooting  zone  in 
reconstructed  profiles.  Selective  stripping  of  the  surface  layer  on  steep 
slopes  may  be  difficult. 

The  Point  Site  profile  described  in  Table  22,  Appendix  D,  is  representative 
of  this  soil  type. 

The  medium-textured  residual  soils  developing  over  baked  shale  occur  on 
gentle  and  moderate  slopes  in  upland  areas.  These  soils  are  very  shallow 
to  shallow  over  fractured  bedrock  (depth  varies  from  3  to  18  inches  -  .08- 
.46  m) .  The  surface  layer  is  commonly  a  friable,  dark  brown  loam.  The 
subsurface  layers  grade  from  reddish  brown,  channery  loam  to  yellowish  red, 
fractured  bedrock  (scoria).  Water  readily  infiltrates  and  percolates 
through  these  soils.  The  available  moisture  retained  for  plant  use  is 
moderately  low.  Generally,  the  surface  layer  is  noncalcareous;  the  sub¬ 
surface  layers  and  substratum  are  slightly  calcareous.  These  soils  are 
nonsaline  and  nonsodic.  These  soils  may  be  highly  susceptible  to  erosion, 
especially  in  areas  lacking  an  adequate  vegetative  cover. 

The  overall  quality  of  these  soils  as  a  revegetative  medium  is  fair.  The 
quantity  of  available  material  will  be  limited  due  to  the  shallow  nature 
of  these  soils.  Because  of  their  shallowness,  stripping  operations 
may  be  difficult. 

The  moderately  fine  to  fine-textured  residual  soils  forming  over  shale 
occupy  nearly  level  to  steeply  sloping  uplands.  These  soils  vary  in  depth 
from  less  than  10  inches  (.25  m)  to  more  than  30  inches  (.76  m)  over 
alkaline  shale.  The  surface  horizon  is  typically  a  friable,  brown  silty 
clay  loam.  The  fine-textured  subsurface  horizons  are  commonly  grayish 
brown  to  dark  grayish  brown  silty  clay  loam  to  silty  clay.  Water  infil¬ 
trates  these  soils  at  a  slow  rate,  resulting  in  excessive  runoff  and 
erosion,  especially  in  steeply  sloping  and  sparsely  vegetated  areas. 
Permeability  of  these  soils  is  also  slow,  especially  in  the  subsurface 
layers  and  substratum.  The  available  water  retained  in  the  root  zone  is 
moderately  high.  Generally,  the  surface  horizon  is  slightly  calcareous 
and  the  subsurface  horizons  and  substratum  are  moderately  to  strongly 
calcareous.  The  surface  layer  is  slightly  to  moderately  saline;  the 
subsurface  layers  and  substratum  are  moderately  to  strongly  saline. 

The  surface  layer  of  these  soils  appears  suitable  for  use  as  topsoiling 
material.  Because  of  their  fine  texture  and  salinity,  the  subsurface  layers 
and  substratum  should  be  replaced  below  the  plant  rooting  zone  in  recon¬ 
structed  profiles.  Selective  stripping  of  the  surface  layer  in  steep,  hilly 
areas  may  be  difficult. 
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The  Point  Site  profile  described  in  Table  23,  Appendix  D,  is  representative 
of  this  soil  type. 

The  alluvial /colluvial  soils  in  this  study  area  were  subdivided  into  three 
groups  on  the  basis  of  landform  position,  period  of  deposition,  and  physical/ 
chemical  characteristics.  These  are:  (1)  young  alluvial/colluvial  soils 
developing  in  recent  deposits  on  gently  sloping  fans  and  footslopes  and  in 
the  bottom  and  adjacent  to  intermittent  streams,  (2)  mature  alluvial/colluvial 
soils  forming  in  ancient  deposits  on  gently  to  moderately  sloping  upland 
terraces  and  footslopes,  and  (3)  alkaline  alluvial/colluvial  soils  developing 
in  sodium-affected  deposits  on  gently  sloping  terraces  and  footslopes. 

The  young  alluvial/colluvial  soils  are  usually  moderately  deep  and  well 
drained.  Soil  textures  are  variable,  ranging  from  loam  to  loamy  sand. 
Typically,  the  surface  horizon  is  friable  and  dark  gray  to  dark  grayish 
brown  in  color.  Colors  of  the  subsurface  layers  and  substratum  are  highly 
variable,  depending  on  the  nature  of  the  deposits.  Permeability  is  moderate 
to  moderately  rapid,  depending  on  the  textures.  Available  moisture  for  plant 
use  ranges  from  moderate  in  the  loamy  soils  to  moderately  low  in  the  coarser- 
textured  soils.  These  soils  are  nonsaline  and  nonsodic.  The  surface  and 
subsurface  horizons  are  usually  noncalcareous ,  whereas  the  substratum  is 
moderately  to  strongly  calcareous.  Erosion  of  these  soils  is  usually  not 
a  significant  problem  due  to  their  stable  landform  position.  However,  the 
coarser-textured  soils  may  be  moderately  susceptible  to  wind  and  water 
erosion  on  lands  lacking  an  adequate  vegetative  cover. 

In  general,  the  depth  and  favorable  physical/chemical  properties  of  these 
soils  will  make  them  an  excellent  source  of  good  to  high  quality  revegeta- 
tive  material.  Stripping  operations  should  not  be  difficult. 

The  mature  alluvial/colluvial  soils  are  typically  deep  and  well  drained. 

Soil  textures  range  from  medium  to  moderately  coarse,  depending  on  the 
nature  of  the  deposits.  Generally,  the  surface  layer  is  very  friable, 
dark  grayish  brown,  and  medium-textured.  The  colors  and  textures  of  the 
subsurface  layers  and  substratum  are  highly  variable.  Infiltration  and 
permeability  are  moderately  rapid  in  these  soils.  The  available  moisture 
retained  for  plant  use  is  moderate  to  moderately  low.  Generally,  the 
surface  and  subsurface  horizons  are  noncalcareous  to  slightly  calcareous 
and  the  substratum  is  strongly  calcareous.  These  soils  are  nonsaline  and 
nonsodic.  Erosion  of  these  soils,  especially  by  wind,  may  be  significant 
on  moderate  slopes  and  in  sparsely-vegetated  areas. 

These  soils  represent  an  abundant  source  of  good  to  high  quality  topsoiling 
material  for  revegetation.  Stripping  operations  should  not  be  exceedingly 
difficult . 

The  Point  Site  soil  profiles  in  Tables  24  and  25,  Appendix  D,  are  repre¬ 
sentative  of  this  soil  group. 

The  alkaline  alluvial/colluvial  soils  are  generally  deep.  The  surface 
horizon  is  typically  very  friable,  dark  grayish  brown  to  brownish  gray, 
and  medium-textured.  The  subsurface  horizons  are  usually  grayish  brown 
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and  moderately  fine-textured.  Columnar  structure  is  common  in  the  sub¬ 
surface  horizons.  Permeability  is  moderate  in  the  surface  layer  and 
moderately  slow  in  the  subsurface  layers  and  substratum.  The  available 
moisture  retained  for  plant  use  is  moderately  high.  The  profiles  are 
generally  noncalcareous  in  the  surface  horizons  and  upper  part  of  the 
subsurface  horizons  and  strongly  calcareous  in  the  lower  part  of  the 
subsurface  horizons  and  substratum.  The  surface  layer  is  usually 
slightly  saline  and  moderately  alkaline;  the  subsurface  layers  and  subs¬ 
tratum  are  strongly  saline-sodic  (strongly  alkaline) .  The  topography  of 
lands  occupied  by  these  soils  is  often  characterized  by  a  predominance  of 
microdepression  "slick  spots"  which  may  be  partially  void  of  vegetation. 

These  areas  may  be  highly  susceptible  to  erosion. 

An  abundant  supply  of  revegetative  material  will  be  available  from  this 
soil  group.  However,  the  highly  saline/alkaline  nature  of  these  soils 
will  limit  their  use  to  below  the  plant  rooting  zone  in  reconstructed 
profiles  unless  the  material  is  modified  by  chemical  amendments  (i.e., 
gypsum),  leaching,  etc. 

The  Point  Site  soil  profiles  in  Tables  26  and  27,  Appendix  D,  are  represen¬ 
tative  of  this  soil  group. 

Land  Suitability  Classification 

A  semidetailed  land  suitability  classification  of  the  Rattlesnake  Butte 
Study  Area  was  made  to  evaluate  and^haracterize  the  overburden  (includes 
soil/bedrock  to  a  depth  of  10  feet)—  as  a  source  of  material  for  resurfacing 
and  revegetating  the  area  if  it  is  surface-mined.  This  survey  provides  data 
on  the  quantity  and  quality  of  material  for  revegetation  and  ease  of  stripping 
and  stockpiling  the  usable  material. 

Land  suitability  specifications,  shown  on  Table  28,  were  developed  to 
establish  classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of 
material  for  revegetation  of  surface-mined  land.  Four  land  classes:  1, 

2,  3,  and  6  were  developed.  These  correspond  to  classes  used  in  the 
Bureau  of  Reclamation  land  classification  system. 

Factors  included  in  the  specifications  for  quality  consideration  were: 
texture,  salinity,  sodicity,  hydraulic  conductivity,  erodibility,  avail¬ 
able  water  holding  capacity,  and  percentage  of  coarse  fragments  (i.e., 
cobble)  in  the  soil  mass.  Quantity  considerations  were  based  primarily 
on  the  depth  of  the  material.  Other  factors  influencing  the  ease  with 
which  suitable  material  could  be  selectively  stripped  and  stockpiled  were 
also  considered.  These  included  steep,  rough,  or  complex  slopes,  and 
percentage  of  rock  cover  (i.e.,  clinker)  on  the  surface. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  soil 
material  for  revegetation.  An  abundant  supply  of  highly  suitable 
material,  which  is  easily  stripped  and  stockpiled,  will  be  available 
from  this  land  class.  In  addition  to  having  an  adequate  amount  of  suitable 
material  for  reclaiming  the  immediate  area.  Class  1  lands  can  probably 


1/  A  glossary  defining  terms  is  included  in  Exhibit  4,  Appendix  D. 
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LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 
Suitability  of  Overburden  for  Revegetation  of  Surface-Mined  Areas 
BLM/WPRS  Cooperative  Program  -  EMRIA 
Rattlesnake  Butte  Study  Area 


Table  28 
United  States 
Dept,  of  the  Interior 
Bureau  of  Reclamation 
July  1978 


Overburden  Characteristics 

Symbols 

Basic  Information 

Subclass  and 

Deficiencies 

Class  1 

Class  2 

Class  3 

SOILS  AND/OR  BEDROCK 
Textures 

s 

Fine  sandy  loams  to  clay  loams 

Sandy  loam  to  silty  clay  loams 

Loamy  sand  to  clay 

Coarse 

V 

Sandy  loam  or  gravelly  mate¬ 
rial  sufficiently  coarse  to 
slightly  reduce  productivity 
and  moisture  retention 

Loamy  sand  or  gravelly  material 
in  sufficient  quantity  to 
moderately  reduce  productivity 
and  moisture  retention 

Fine 

h 

Profile  should  have  sufficient 
material  for  topdressing;  clayey 
materials  that  are  slowly 
permeable  should  be  placed  below 
18"  in  the  reconstructed  profile 

Profile  should  have  sufficient 
material  for  topdressing;  place¬ 
ment  of  clay  should  be  below  10" 
in  the  reconstructed  profile; 
material  objectionable  to  plant 
roots  should  be  placed  below  root 
zone 

Depth 

d 

>36"  of  overburden  that  is 
suitable  for  plant  media 

>18"  of  overburden  that  is 
suitable  for  plant  media 

>10"  of  overburden  that  is 
suitable  for  plant  media 

Sodicity 

a 

SAR  not  to  exceed  9.0  in  fine-textured  soils,  but  may  be  up  to  20.0 
textures.  Values  can  be  slightly  higher  if  compensated  by  adequate 

in  soils  with  loamy  sand 
residual  gypsum. 

Salinity  (ECxlO^) 

s 

Less  than  4 

Less  than  8  but  should  have 

10"  of  material  of  less  than 

4  for  surface 

Less  than  12  but  should  have 

10"  of  material  of  less  than 

4  for  surface 

Available  Water  Holding 

Capacity 

q 

>1.5" /foot  of  soil 

>1.0" /foot  of  soil 

>0.75"/foot  of  soil 

Hydraulic  Conductivity 

p 

Adequate  to  provide  a  well 
drained  and  aerated  root  zone 
and  an  infiltration  rate  ad¬ 
equate  to  prevent  serious 
erosion 

Slightly  restricted  which  may  Restricted  to  the  extent  that 

result  in  some  restriction  of  internal  drainage  may  limit 

drainage  and  aeration  in  the  root  choice  of  vegetation  and  require 
zone  and  a  reduced  infiltration  special  practices  to  control 

rate  erosion  - 

Cobbly ,  Stony,  Flaggy, 

or  Clinkers 

X 

Less  than  5%  in  soil  mass 

Less  than  10%  in  soil  mass 

Less  than  20%  in  soil  mass 

Weatherability-^ 

Will  break  down  readily  upon 
exposure  to  the  weather 

May  require  short  period  to 
break  down  upon  exposure 

May  require  extended,  period  to 
break  down 

Erodibility 

Susceptible  to  slight  erosion 

Susceptible  to  moderate  erosion 

Susceptible  to  severe  erosion 
but  can  be  controlled  with 
proper  management  and  placement 

2/ 

TOPOGRAPHY- 

Slope 

t 

g 

Permissible  surface  gradient 

0  to  12  with  smooth  slopes 

Permissible  surface  gradient 

0  -  20%:  undulating  to  complex 
slopes 

Permissible  surface  gradient 

0  -  35%;  hilly  to  steep  slopes 

Cobbly,  Stony,  Flaggy, 

or  Clinkers 

r 

None 

1  to  5%  of  surface  area 

5  to  20%  of  surface  area 

Cover 

c 

Not  applicable 

DRAINAGE 

d 

Because  of  anticipated  land  alterations  by  surface  mining,  present 
the  hydraulic  conductivity  of  the  material,  are  not  a  factor  in  the 

drainage  conditions,  except 
classification . 

Class  6  Areas  delineated  in  this  class  generally  lack  suitable  material  for  stripping  and  stockpiling  as 

surface  material.  One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of 
this  class:  (1)  insufficient  surface  soil  and  bedrock  of  suitable  quality  at  or  near  the  surface; 
(2)  topography  which  prevents  stripping  including  excessive  slopes;  (3)  rocklands  with  large  amounts 
of  massive  indurated  surface  sandstone;  (4)  toxic  overburden  (soil  and  bedrock),  on  or  near  the 
surface.  Reclamation  of  Class  6  lands  will  require  that  suitable  plant  growth  material  be  borrowed 
from  adjacent  lands  that  have  a  surplus  of  good  quality  planting  media  or  from  suitable  bedrock 
strata.  In  certain  cases,  treatment  or  modification  of  the  available  material  may  increase  its 
revegetative  potential  to  an  acceptable  level. 

1/  Applicable  only  to  bedrock  material. 

2/  Not  applicable  to  bedrock  material. 
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provide  borrow  material  for  topdressing  areas  with  insufficient  suitable 
material.  Class  2  lands  contain  an  adequate  supply  of  resurfacing 
material  to  revegetate  the  immediate  area;  however,  this  material  is. 
slightly  less  desirable  in  quality  or  somewhat  more  difficult  to  strip 
and  stockpile  than  the  material  on  Class  1  lands.  Class  3  lands  are 
similar  to  those  in  Class  2,  except  the  deficiencies  are  more  pronounced 
or  a  combination  of  deficiencies  exists.  Land  in  this  class  is  marginally 
suitable  for  revegetation  but,  through  utilization  of  good  stripping  and 
stockpiling  procedures,  the  requirements  for  planting  media  can  generally 
be  met.  Class  6  lands  lack  adequate  quantities  of  suitable  material  to 
meet  the  needs  for  revegetation.  If  these  lands  are  disturbed  by  surface 
mining,  it  will  be  necessary  to  borrow  material  from  Class  1  or  2  lands 
or  modify  the  material  available  for  revegetation  through  leaching, 
addition  of  chemical  amendments,  etc. 

Table  29  expands  the  preceding  summary  description  of  the  land  classes  and 
describes  the  significant  characteristics  of  the  major  land  classes  and 
subclasses . 

The  land  suitability  classification  was  acccomplished  using  Bureau  of 
Reclamation  methods  and  procedures.  Field  mapping  was  done  on  aerial 
photographs  with  a  scale  of  1:12,000.  Topographic  drawings  at  a  scale  of 
1:24,000  with  20-foot  contour  intervals  were  used  for  reference.  An  Abney 
hand  level  was  used  in  the  field  to  supplement  the  slope  data  on  the 
topographic  drawings. 

Representative  (Point  Site)  soil  profiles  typical  of  extensive  areas  of 
Class  1,  2,  3  and  6  lands  were  described,  sampled,  and  analyzed  in  detail. 
Additional  profiles  were  recorded  in  the  heterogeneous  soil  areas  to  show 
variations  within  the  delineated  areas.  This  information  was  supplemented 
by  nonrecorded  profile  examinations  as  required.  Nonrecorded  profiles  are 
typically  located  in  transitional  areas  between  soil  types  to  more  accurately 
locate  boundaries. 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were  exposed 
with  a  tile  spade.  A  hand  auger  or  hydraulic  coring  machine  was  then  used 
to  penetrate  the  overburden  to  a  depth  of  10  feet  unless  hard  bedrock  was 
encountered.  Soil  structure,  texture,  consistence,  color,  and  other  observ¬ 
able  features  of  the  exposed  profile  such  as  salinity,  sodicity,  and  root 
distributions  were  recorded.  Lime  content  was  checked  with  dilute  hydro¬ 
chloric  acid.  Samples  were  collected  from  many  of  the  exposed  profiles. 
Evaluation  of  the  soil  material  for  hydraulic  conductivity  and  available 
water  holding  capacity  in  relation  to  the  reclaimed  profile  was  a  major 
consideration  in  the  field  evaluation.  Using  these  basic  soil  evaluations, 
along  with  observations  of  other  land  features  such  as  surface  rock  cover 
and  slope,  a  land  suitability  class  was  tentatively  assigned  each  deline¬ 
ated  area  while  in  the  field.  The  suitability  classes,  when  finalized, 
were  recorded  on  land  classification  maps.  Plates  29  through  37. 

A  soil  laboratory  was  used  in  connection  with  the  land  suitability  classi¬ 
fication  and  screenable  tests  were  performed  on  all  soil  samples.  These 
tests  included  disturbed  hydraulic  conductivity,  salinity,  pH,  and  moisture 
retention  (15  bars).  More  detailed  soil  analyses  were  then  made  as  required. 
Exhibit  1,  Appendix  D,  describes  the  screenable  testing  procedures  used  in 
the  laboratory. 
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Complete  soil  analyses  were  performed  on  all  samples  from  Point  Site . 
profiles  representative  of  the  major  categories  in  the  land  suitability 
classification.  The  analyses  listed  in  Exhibit  2,  Appendix  D,  were 
performed  as  needed  for  proper  overburden  evaluation. 

Results  of  Land  Suitability  Classification 

The  results  of  the  land  suitability  classification  are  recorded  graphically 
on  semidetailed  drawings,  Plates  29  through  37  which  show  the  areal 
distribution  of  the  various  land  classes,  soil  deficiencies,  topographic 
deficiencies,  profile  notes  of  soil  borings,  and  the  results  of  laboratory 
analyses.  This  information  is  also  summarized  on  Plates  38  through  55. 
Plates  38  through  46  describe  the  location  and  depth  of  material  that  is 
suitable  for  use  at  or  near  the  surface  in  reconstructed  profiles.  Plates 
47  through  55  indicate  the  location  and  quality  of  material  that  is  suitable 
for  subsurface  placement  in  reconstructed  profiles. 

Table  30  lists  the  acreage  of  each  land  class  occurring  in  this  study  area. 
The  results  in  this  table  indicate  that  97.4  percent  of  the  land  in  the 
Rattlesnake  Butte  Study  Area  contains  an  adequate  quantity  of  suitable 
overburden  (soil  and/or  bedrock  to  a  10-foot  depth)  to  restore  the  disturbed 
area  to  a  condition  capable  of  supporting  the  present  uses.  This  includes 
Class  1,  2,  and  3  lands.  The  remaining  2.6  percent  of  the  study  area, 
designated  as  Class  6,  will  require  borrowed  soil/bedrock  material  from 
Class  1  or  2  lands  or  modification  of  the  available  material  (i.e.,  chemical 
amendments,  leaching,  etc.)  in  order  to  provide  adequate  plant  media  for 
revegetation. 

This  land  suitability  classification  provides  adequate  data  for  developing 
the  reclamation  portion  of  the  mining  plan;  however,  it  does  not  provide 
adequate  detail  for  stripping  and  stockpiling  procedures  during  the  surface 
mining  operation.  Additional  field  borings  and  observations,  supported  by 
laboratory  data,  will  be  required  to  more  accurately  determine  the  quantity, 
quality,  and  location  of  material  to  be  stripped  and  stockpiled  for  use  as 
revegetative  media. 

Overburden  Suitability  for  Revegetation 

Soil  Mantle  Suitability 

Based  on  the  field  and  laboratory  data  obtained  from  the  land  suitability 
classification,  it  appears  that  most  of  the  residual  and  alluvial/colluvial 
soils  in  this  study  area  should  yield  about  6  to  12  inches  (.15  -  .30m)  of 
good  quality  topsoiling  material  for  revegetation  (see  Plates  38  through 
46).  This  material,  which  usually  includes  the  A  and  upper  portion  of  the  B 
horizons,  is  typically  nonsaline,  nonsodic,  and  permeable.  Because  the  A 
horizon  of  most  soils  in  the  study  area  is  only  2  to  6  inches  (.05  -  .15m) 
thick,  selective  stripping  of  this  horizon  from  the  B  horizons  seems 
impractical.  However,  mixing  of  the  A  and  upper  portion  of  the  B  horizons 
should  not  appreciably  change  the  overall  quality  of  the  material. 

Many  of  the  soil  profiles  showed  a  marked  increase  in  soluble  salts, 
exchangeable  sodium,  and/or  clay  content  below  12  to  18  inches  (.30  -  .46m) 
in  depth.  Therefore,  a  significant  percentage  of  the  available  subsurface 
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Plate  29 


Sec.  28;  T.  lUlN;  R.  9flW 

1200*1.,  100*1.  of  SW  Cor.  Q  600  U,, 

surface  material, 


Q48  0"*61ju  preferred 


fsl 


br- 


PSL  ££I5_  .61—1.3  acceptable 
i73-  for  surface.  2-1*? 
Q8J  complex  side  slope. 
Salt  crystals  at 
•76sw  Profile  bet¬ 
ter  than  storage.  30? 
slick  soot  influence 
in  the  area. 


W- 

00i 

28 

Q08 


>CL 


CL-fFT 


84- 


£L. 


100 'N  of  SW1/U  Cor. 
0-.15nu  preferred 
surface  material. 

•  15-J*5™.  acceptable 
for  surface,  .U5- 
1.5m.  subsurface 
use.  0-2 i  complex 
colluvial  bottom. 


800 'N.,  U00*W.  of  SE  Cor. 
0-.15m  acceptable 
surface  material. 
»l5-.91m  subsurface 
use.  ,91-3»C»n  for 
use  below  root  zone. 
2-U?  complex  side 
slope.  Salt  crystals 
at  .U5m.  Area  better 
than  the  indicated 
results. 


Q. 


i3< 


-=-122? 


700'S.,  200 'W.  of  ElA  Cor. 


0-.l5m.  acceptable 
for  surface.  .15- 
3.0m.  for  subsurface 
use.  0-2 ?  complex 
colluvial  bottom  with 
salt  influence  in 
area.  Salt  accumu¬ 
lations  at  1.3m. 

Sandy  shale  becoming 
more  consolidated  at 
3.C»n. 

•U5-.91m. ,  SAR  7.8 


Q 


100 'E  of  WlA  Cor. 

.  0-.15m.  preferred 
surface  material. 

-  .15-. 76m.  acceptable 
for  surface.  .76- 
1.3m.  subsurface  use. 

'  1.3-3. 0m.  for  use 
below  root  zone. 

(  2-U?  complex  side 
slope  with  20? 
area  degraded  slick 
spots.  Profile  down¬ 
graded  due  to  num¬ 
erous  slick  spots. 


Q 


*001 

31 

*OOl 


Sec.  30;  T.  lUINf  R.  98W 
1500'E.,  UOO'S. .  of  WlA  Cor. 
0-*l5m  acceptable 
surface  material. 
•15-1. 3m  subsurface 
material.  1.3-3«Oi 
for  use  below  root 
zone.  2-U?  comDlex 
side  slope.  Salt 
crystals  at  .91m. 


WtSCfigr 


USL 

92- 


CL  7— 


^fSCLig. 

- 

F5L 


1300 'E. of  WlA  Cor. 
0-.U5m.  preferred 
surface  material. 
.U5-1.2m.  acceptable 
for  surface.  1.2- 
2.1m.  subsurface 
material.  2. 1-3. Ora. 
for  use  below  root 
zone .  0-2%  complex 

colluvial  bottom  with 
alkali  influence  in 
the  area.  Salt  cry¬ 
stals  at  .76m. 
1.2-l.fieu,  SAR  P.5 


1100'E.  of  NW  Cor. 

.  0-.l5m.  acceptable 
surface  material. 

•  .15-. 76m.  for  sub¬ 
surface  use.  .76- 
3.0m.  for  use  below 
root  zone.  0-2 1 
complex  area  with 
slick  spots  influence. 
‘  Weathered  sandy  shale 
from  . 30-.76n.  Oxi¬ 
dized  sandy  shale 
1.3m.  Salt  crystals 
at  .38m. 

.  .30-. 76m.,  SAR  7.6 
1.3-1. 9m.,  Oyp  *9.2 

1200'E.,  100'S,  of  Nl/li  Cor. 
—  O-.30m.  acceptable 

*5-  surface  material. 

—  .30-. 91m.  subsurface 

U —  use.  .91-3 «0m.  for 
use  below  root  zone. 
ISO  0-7?  Comdex  foot 
U—  slope  with  slick 

soots  in  area.  Oxi- 
320  di*ed  shale  1.5m. 

Sandstone  eratics  at 
2.1m.  Salt  crystals 
at  .30m. 

Depth  SAR.,  ®yj». 

.30-.91 « i - 

o91-l<,5 

1 *5-2^  ,2U2.,+l+6 


1100  •V.,  200'N  of  SE  Cor. 
0-.U5m.  preferred 
"ITT  FSlJf9=  surface  material. 

•1*5-1.  In.  acceptable* 
for  surface.  1.1- 
2.2m.  subsurface  use, 
U-6?  complex  side 
slope.  Profile 
better  than  average. 


29  SClaJa.2 

<0.01 


,  1100'S,  of  WlA  Cor. 
0-.15m  preferred 
for  surface.  .15- 
•91m  acceptable  for 
surface.  .91- 1.8m 
for  subsurface  use. 
U-8?  complex  side 
slope.  Salt  crystals 
at  .30m.  Shallow 
to  shales  in  area. 


,  350 'S.  of  NlA  Cor. 
0-.U5  preferred 
surface  material. 
•!*5-1.9m  subsur¬ 
face  material. 

1.9-3. Om  for  use 
below  root  zone. 

0-2?  complex  collu¬ 
vial  bottom  with  50? 
vegetated  slick 
spots,  ,76m  weath¬ 
ered  shales  with 
salt 'crystals. 

1.2-2. lm  soft  sandy 
shales.  2.U-3.0m 
sandy  shales  with 
thin  clayey  strati¬ 
fications. 

,,  300  »E.  of  WlA  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 
2.1  subsurface  mat¬ 
erial.  2.1-3.0m 
for  use  below  root 
zone.  2-U?  complex 
side  slope.  Weath¬ 
ered  shales  at  .U5m 
with  salt  crystals  at 
. 76m.  Heavy  dark 
organic  influenced 
clayey  shales  at  1.5m. 
Baked  shales  at  2,7m. 


(?)  lUOP'W.,  UOO'N.  of  ElA  Cor. 
^  0-.15  acceDtable 

surface  material. 

8-30  .l5-.76m.  subsur¬ 
face  use.  ,76-3.0m. 
for  use  below  root 
zone.  2-U?  complex 
side  slope  on  gentle 
G-  4^3  high  area.  Residual 
—  profile  over  weath¬ 
ered  shale  at  .U5m. 
S22|  4^5-  Salt  crystals  at  ,76m. 

.1*5-. 67m.,  SAR  10.0 


o.oo 


Q 


18.6 


Q 


(£) 


JC^T± 

>CL- 


>Ct 


700 'E.  ,of  NlA  Cor. 
0-.15m.  acceptable 
for  surface.  .15- 
1.2m.  subsurface 
use.  1.2-3. Cm.  for 
use  below  root  7one. 
2-6?  complex  side 
slope  with  strong 
slick  snot  area  in¬ 
fluence.  .1*5-. 6lm. 
weathered  sandy  shale 
weakly  calcareous. 
.6lm.  semi-consoli¬ 
dated  sandy  shale. 
Salt  crystals  ,6lm. 
.30-. 61m.,  SAR  5.5 


o 


Q 


1900 'E.,  700 »S.  of  WlA  Cor. 
"pipe 3  0-.l5m  acceptable 
i2-  surface  material. 

—  47|  ,l5-3«Om  for  sub- 

surface  use. 

2-U?  complex  collu- 
vial  bottom.  Salt 
crystals  at  .61m. 
Surface  material 
for  deleniated  area 
better  than  indicated. 


5.CL 


5.CL- 


FSL-35^ 


Sec.  32;  T.  11*1N;  R.  98W 
_900'N.,  100 'E.  of  SW  Cor. 
0-.!*5m.  preferred 
surface  material. 
•U5-*91m.  acceptable 
for  surface.  .91- 
3.0m.  subsurface 
use.  2-6?  complex 
wind  deposited  sur¬ 
face  side  slope. 
1.8m.  material  stra¬ 
tified  LFS/FS. 
Effective  depth  var¬ 
ies  being  shallower 
on  high  areas.  Pro¬ 
file  better  than 
average. 


& 


0*9 


Q67 


1200 'N. ,  800 'E.  of  WlA  Cor. 
0-.3Cm.  acceptable 
surface  material. 
.30-1. 5m.  subsur¬ 
face  use.  1.5-3.0m. 
for  use  below  root 
jone.  2-U?  side 
slope  with  slick 
spots  in  the  area. 
,U5-.6lm.  Ccs  weath¬ 
ered  shales. 

.30-. 61m.,  SAR  11.1 


<  GL_  bj— 


Q 


820 


Q 


CL 


0  08 


^SiL 


CL 


700 'E.,  200'S,  of  MW  Cor. 
064  0-.15m  acceptable 
73_  surface  material. 
.15-3. Ch  for  sub- 


”  surface  use. 


500'E. 


002L .  •  2.99  U-8?  complex  bench 
33  5iCL  sz-  remnant.  Salt 

crystals  at  1.8m. 
CfH^-  Area  shows  influence 
of  baked  shales  and 
-F  water  by  gravel 
SiL-fy^  caps/remnants. 


22  e 
83- 
18.3 


,  200  'N  of  SlA  Cor. 
0-.l5m.  acceotable 
surface  material. 
.l5-.,*5m.  for  sub¬ 
surface  use.  .U5- 
3.0m.  for  use  be¬ 
low  root  zone. 

2-U?  complex  foot 
slope  with  salts 
outcroping  on  sur¬ 
face  in  area.  Salt 
accumulations  at 
,30m.  Free  water 
at  2.1m. 

.30-. 91m.,  SAR  8.5 


700'M.,  UOO'E.  of  'WlA  Cor. 
i.ao  0-.l5m.  acceptable 
90-  surface  material. 

.l5-*lx5m.  subsurface 
12-2  material.  .U5-3.0m. 
15—  for  use  below  root 
zone.  0-2?  cotrolex 
foot  slooe  with 
slick  soots  in  area. 
Free  water  at  2.1m. 
Salt  crystals  at  .U5m. 
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*  EXPLANATION 


SOIL  PROFILE  NOTES 


LAND  CLASSIFICATION  SYMBOLS 

LANO  CLASS 

3  St- 


SCtj fir 

138. 


SURFACE  LAYER 
Quality 
Depth 


Plonf  media  deficiency 
Topogrophic  deficiency 

Informative  symbols 


_  PR 

©s 


SECOND  LAYER 
Quality 
Depth 


2.8 - 2.8  EC  mmhos/cm  Sol.  E»l 

8.4-0.O  8.4  pH  1  =  5  Soil-Woter  Suspension 

0.0  pH  Soil-CaCl2  Suspension 

^ - .65  Hydroulic  Conductivity  In/hr 

(Disturbed  Somples) 

- 24  Settling  Volume 


28  1 SCt g2_ 


,,  200 *W.  of  ElA  Cor. 
0-.15m  acceptable 
for  surface  use. 
.l5-3«Om  for  use 
below  root  zone. 

2-U?  complex  bench 
remnant  shallow  to 
heavy  shales. 

Crusty  surface  over 
weathered  shale  and 
salt  crystals  to 
1.5m.  Semi-consoli¬ 
dated  shales  at  1.5m. 
Shale  outcroping  in 
the  area. 


© 


1100 'W. 

scife 


,  300 'N  of  SE  Cor. 
0-.15  acceptable 
surface  material. 

• X5— 3 • Om .  subsur¬ 
face  material. 

2-U?  complex  foot 
foot  slope.  .U5m. 
>SCL  Cc5.  Weathered 
shale  from  .U5-.76m. 
Salt  more  oromiment 
1.1m. 

.1*5-. 76m.,  SAR  7.7 


Q 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plont  medio) 

0  Sodicity 
S  Solinity 

h  Cloy  (very  tine  texture) 
v  Coorse(very  sondy  texture) 
p  Restricted  permeobility 
q  Availoble  moisture  copocity 
d  Depth  of  suitable  overburden 
x  Cobbly ,  stony  .tlaggy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (indudinq  gradient  ond  complexity) 
r  Cobbly  .stony,  flaggy  or  clinkers 
(lond  surface) 
c  Cover 


SOIL  PROFILE  SYMBOLS 
Cobble 
Grovel 
Sond 

Loamy  Sond 
Sondy  Loom 
Loom 

Silt  Loam 
Sandy  Cloy  Loam 
Clay  Loom 
Silty  Cloy  Loom 
Sandy  Clay 
Cloy 

Silty  Cloy 


SCL 


SlCL 


BILLINGS  COUNTY 

SECTIONS  28,30,32-  T.  141  N.  ,  R.  98  W. 


J 


L 


Shale 

Sonditone 

Fine 

Light 

Medium 

Heavy 


-X-  Depths  listed  are  in  meters  Multiply  by  3.28  to  obtain  feet. 


UNITS O  STATES 

DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCE  SERVICE 

RESOURCE  &  POTENTIAL  RECLAMATION  EVALUATION 
DICKINSON  COALFIELD  -NORTH  D/yiOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SEMI- DETAILED  LAND  CLASSIFICATION 


CLASSIFIEO_T.JJCHTL _  SUBMITTED  _ 

ORAWN_LC_ALLS_OP _ RECOMMENDEO_ _ 

CHECKED^ _  APPROVED 

B,LL,Nos.^r^Hccr  t  ^  res»u*„r.„r,  |  |305-600   ?7~ 


Sec.  26;  T  lislN;  R.  98W 


0.00 

280 


SCL^r 


.,  200 'V  Of  SE  Cor. 
0-t19ra  acceptable 
for  surface.  .15- 
.61  subsurface  use. 
.61-3 .fta  for  use 
below  root  zone. 
2-W  complex  foot 
slopes  with  slick 
spot  influence  in 
area.  Semi-conso- 
lidated  sandy  shale 
at  2. km. 

.30-. 61m,  SAR  6.1 


© 


1200'E.  of  SW  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 
.L5m  subsurface 
material.  .U5-3.0> 
for  use  below  root 
zone.  2-Ut  complex 
foot  slope  with 
strong  slick  spot 
influence. 

0-.{j5>>t  SAR  11.7 


1700'fl. ,  200'B.  of  SlA  Oor. 
0-.15m  acceotable  for 
surface.  ,l5-«U9m 
subsurface  material. 
45-3  ,0m  for  use  be¬ 
low  root  -one.  2—1x56 
complex  side  slope 
with  6S  slopes  as 
minor  inclusions. 
Sandstone  influence 
in  profile  aod  area. 
Ree  idual  areas 

are  shallow  to 
shale. 

.30-. 76m.,  Gyp  *3.2 


£E)ao- 


0  1300 'W. 


0-30 

30 

CL- 

6.2 

as- 

0-02 

TO 

tt- 

cl" 

10  0 
9J— 

:  _ 
>20 

CL 

8.6 

93- 

0.00 
20  0 

CL 

8  2 

90- 

OOP 
35  C 

CL- 

5  3 

lO- 

aoo 

340 

CL 

3  2 
16- 

,,  1000'N  of  SE  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 
1.1m  subsurface 
material.  1.1-3.  On 
for  use  below  root 
zone.  0-2%  complex 
colluvial  bottom 
with  slick  spots. 

Salt  crystals  at  1.1m. 


© 


Q 


Sec.  3U;  T.  lli IN;  R.  98W 
500'B.,  200’N.  of  SW  Cor. 


0-. 30m  preferred 
for  surface.  .30- 
.61m  acceotable 
surface  material. 
.61-1. 2m  subsurface 
use.  U-6i  comolex 
side  slooe  with  a 
residual  baked  shale 
surface.  Bedrock  out¬ 
cropping  as  fractured 
rock  in  area.  Shal¬ 
lower  profiles  in 
area.  Class  down¬ 
graded. 


© 

an 


<c 


'CLC 


* 


2000^.  of  ElA  Cor. 
0-.15m  preferred  for 
surface  use.  .15- 
•L5m  acceptable  sur¬ 
face  material.  .L5- 
3.0m  subsurface  use. 
2-U'Z  complex  colluv¬ 
ial  foot  slope  with 
slick  spots  in  area. 
Surface  textures 
average  for  area 
excluding  105?  slick 
spots  in  area. 

1.1-1. 6m,  SAR  ll.ii 


© 


.,  500  •W.  of  ElA  Cor. 
0-.6lm  preferred 
surface  material. 
.61-. 91m  acceptable 
for  surface.  .91- 
3.0m  for  subsurface 
use.  2-U5  complex 
colluvial  foot  slope. 
1.6-1. 9m  L0%  frag¬ 
ments  over  2mm. 

1.9-2 .Urn,  SAR  6.5 
Profile  better 
than  average. 


& 


aoo" 


cTT 


1200 'E.  of  WlA  Cor. 
O-.JOm  acceptable  for 
surface.  .30--61f 
subsurface  material. 
.61-3 -O'  for  use  be¬ 
low  root  zone.  2-h% 
complex  side  slope 
with  slick  spots  in 
area. 


Q 


0  2  > 
28 


035 

60 


0 Z2 

40 


,  200'S,  of  ElA  Cor. 

0-. 76m  oref erred 
surface  material. 
.76-1. 3m  acceptable 
for  surface.  1.3- 
3.0m  for  subsurface 
use.  2-U%  comolex 
foot  slope  below 
residual  baked  shale 
crests.  Coal  in¬ 
fluencing  material 
at  2.Um. 


© 


•CL 


^  94- 

4. 

CLffc 


5  - 


1200*'.,  200'S.  of  NE  Cor. 
—  P-.Uia  preferred 
surface  material. 
.15-. 30*  acceptable 
for  surface.  .30- 
3.0m  subsurface 
use.  2 -U<  comolex 
colluvial  foot  slope 
with  slick  spot  in¬ 
fluence.  Areas  with¬ 
in  dellination  con¬ 
taining  higher  oer- 
centage  of  slick 
SDOtS. 

.76-1. 2m,  SAR  12.1 


'7\_1300'W. 


W 

0-06 


W«CL- 


,  UOO'N.  of  ElA  Cor. 
0-.15m  preferred 
surface  material. 
.l5-.b5m  acceotable 
for  surface.  .1x5- 
3. Ckn  subsurface  use. 
0-2 %  complex  collu¬ 
vial  bottom.  Frag¬ 
ments  of  baked  shale 
at  1.2m.  Salt  dry- 
stals  at  1.2m. 


© 


W 

QA6 


CL  6-3  — 


9.0  — 


,,  600 'S.  of  NlA  Cor. 
0-.U5m  acceptable  for 
surface.  .1x5-*  91 
subsurface  material. 

. 91-3*0  for  use  be¬ 
low  root  zone.  0-2% 
complex  colluvial 
swale  with  slick 
spots  in  area. 


& 


—  5.1 

SCI  ao— 


<StiM- 


,,  100'S,  of  NE  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 

l. 3m  subsurface  mat¬ 
erial.  1.3-3«Om  for 
use  below  root  7 one. 

2 -lit  complex  foot 
slope  with  slick  spots 
influencing  area. 

Free  water  at  2.1 

m.  Salt  crystals  at 
•  76m. 

.76-1. 3m.,  SAR  7.5 


*  EXPLANATION 


LAND  CLASSIFICATION  SYMBOLS 


SURFACE  LAYER 
Ouolity 
Depth 
SECOND  LAYER 
Ouolity 
Depth 


Plont  medio  deficiency 
Topographic  deficiency 

Informotive  symbols 


SOIL  PROFILE  NOTES 

©PROFILE  REPRESENTS  3  01M1  DEPTH 
SOIL  PROFILE  NUMBER 


C  L 


2  6 —  2.0  EC  mmhoi/tin  Sol  Ext 
84-8.0  84  pH  I ■  5  Soil- Wo ler  Suspension 

8  0  pH  Soil -Co Cl 2  Suspension 

- .63  Hydroulic  Conductivity  In/hr 

(Disturbed  Sompicx) 

- 24  Soiling  Volume 


Divides  soil  material 
and  nonsoil  material 

INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plont  medio) 

0  Sodicity 
s  Salinity 

h  Cloy  (very  fine  texture) 
v  Coarse  (very  sandy  texture) 
p  Restricted  permeobility 
q  Avoiloble  moisture  copocity 
d  Depth  of  suitable  overburden 
1  Cobbly  .stony, lloggy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (indudinq  grodient  ond  complexity) 
r  Cobbly, stony, flaggy  or  clinkers 
(land  surfoce) 
c  Cover 


PROFILE  SYMBOLS 
Cobble 
Grovel 
Sond 

Loamy  Sond 
Sondy  Loom 
Loom 

Silt  Loam 
Sondy  Cloy  Loom 
Clay  Loom 
Silly  Cloy  Loom 
Sondy  Cloy 
Cloy 

Silty  Cloy 

Shoie 

Sondiione 

Fine 

Light 

Medium 

Heavy 


Plate  30 


*  Depths  listed  are  in  meters.  Multiply  by  3.28  Ip  obtoin  feel  . 


JC 


I  12,000 


BILLINGS  COUNTY 

SECTIONS  26.34.  -T  141  N.  ,  R  98  W. 


DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCE  SERVICE 

RESOURCE  B  POTENTIAL  RECLAMATION  EVALUATION 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SEMI- DETAILED  LAND  CLASSIFICATION 


CL  ASSIFlEO_  r  _«CCH  ft _  SUOMI  T  TEO _ 

ORAWN_l_C_allsor _ RECOMME  NOEO__ 

_  APPROVEO 


CHECKED 


9\  1305-600-273 


Plate  31 


ii) 


38 

0.00 


0  Oi 

40 

iSL 


cFl 


,  30;  T.  Vi  IN;  R.  9 7W 
3  HO «*.  of  cl/'i  3or. 

_  0-.19m  acceptable 
-  surface  material. 

L  .15-J:5m  subsurface 
material.  .L9-3.CYi> 
for  use  below  root 
3  zone.  2-h%  comnlex 
rentlv  sloDinr  bencn 
remnant  with  stronr 
0  alkali  influence  in 
area.  ctronp  dark 
organic  influenced 
1  clayey  shales  at 
’  2.9m.  Acid  influence 

L  ?.5m. 

.30-.91m,  SAR  13.1 


(2) _ WE.  °-r  «' 

— — 0-. 15m  preferred 


W 


too 


surface  material. 
•15-.clm  acceptable 
for  surface,  .cl- 
1.1m  subsurface 
material.  1. 1-3.01 
for  use  below  root 
zone.  2-L%  complex 
foot  slcne  with 
slick  soot  influence 
in  area.  Salt.  cry¬ 
stals  at  .61m. 


r_cU f. 


0  00 


It  'S.  of  Nl/b  Cor, 
—,19m  rreferred 
surface  material. 

.1  -.'.rn  acceptable 
for  surface.  .I;c- 
t.  n  subsurface 
material.  ?-li - 
omolex  residual 
bottom  with  slick 
soot  influence  in 
area. 


13o0r*. ,  It  0'N.  of  Si. 

.  „  C‘-.15m  acceptable 

for  surface.  .15- 
.Ttm  subsurface 

c-3.0m 

for  use  below  root 
zor  .  ccmclex 

colluvial  bottom 
with  slick  snots, 
••ater  table  at  2.1m, 
.91-1. 3m. ,  riyn  *9.3 


^|CL>-fr 


006  !  J+ljJD. 


1  Cl_e— 


VC'C.  of  VIA  Cor. 
0-.l9m  accentable 
for  surface.  .19- 

•  ?lm  subsurface 
material.  .91-3.CYn 
for  use  below  root 
rone.  2-L*  complex 
colluvial  area  with 
slick  spot  influence. 
A’eatnered  shales  at 

•  L5m. 

.L5-.91*.,  SAR  ii.T 


liOC'F.,  ICO'S.  of  !K  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
,76m  subsurface 
material.  .76-3.Cn 
for  use  below  root 
zone.  2-1:7  complex 
side  si  one  with 
slick  spot  influence. 
,7q-  Cpcs ,  "eathered 
shales  ,76m.  Area 
down f’raded  due  to 
al  ka li  condition, 

50f  slick  spots. 


200 'S.  of  \1/J»  Cor. 
>.l-.91m  preferred 
surface  material. 
,91-1.2m  accentable 
for  surface.  1.?- 
-.Om  for  subsurface 
use.  lj-f ^  comdex 
foot  slone.  Salt 
crystals  ,91m. 


Q 


OCX) 


CL 

Cl— j&oCT 

Cl 


i/FSL ! 


8 


,  i3.e 


•CL-f 


loo 

CL 

TT  >CL*krcr 


0  00 
65 

0  00 
8  0  J 


2_20| 


I  cl 


2000';'.  of  XI  U  Cor. 
0-.15m  oreferred 
surface  material. 
,l5-.6lr  acceptable 
for  surface.  .61- 
l.Pm  subsurface 
use.  2-b’’  comdex 
colluvial  foot  slcne 
with  rumerous  s’ick 
snots  ir  area.  .Mm 
Ccs.  Sandy  shale 
matt-rials  at  1.6m. 
Class  d ownmna^ed. 


100'S,  of  El/h  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
3.0m  subsurface 
material.  ?-lj? 

,5  3  comdex  foot  slope. 
►CL  a*3  Slick  soot  influtnee 
^  ir.  the  area,  ,30m 

—  l&S.  Ccs. 


Q 


Or 


Q 


O 


26  ^FSqa5- 
<LU_ 


2RGO'?.  of  KlA  Cor. 
0-.19«i  preferred 
surface  material. 
.15-.!|5  subsurface 
material.  .  ih-’.Om 
for  use  below  root 
zone.  2-li*  co-nlex 
side  slcDe  witn  70*- 
slick  spots  influ¬ 
encing  area.  Ccs 
weathered  s:-ale  at  - 
,29m.  Stronger 
alkali  influence 
witr.  salts  in  area. 

•  lO-.oi-n.,  CAR  17. C 

2. 1-2. 7m.,  "/p  sp.o 


Q. 


37;  T.  1'ilN;  R.  9 7W 
,  1-  'C.  of  -1/L  Cor. 
0-.7Or.  creferred 
surface  material. 
.70-1. 2m  acceotable 
fer  surface.  1.2- 
3.  subs  rf ace  use. 
2-L-  com  lex  foot 
slcne  with  slick 
spot  influence  in 
area.  .7om.  Ccs. 
Salt  crystals  1.2m. 
Al<ali  influence  in 
area  rreater  tr.an 
tnat  reflected  by 
arc  file. 

1.2-1. bn.,  SA=  6.0 


190 'N.  of  SV  Cor. 
C-.l5m  acceptable 
for  surface  use. 
•lc-.76n  subsurface 
material.  .76-3.0 
fer  use  below  root 
7oneV  2-liy  comdex 
side  s1 ooe  with  6- 
V •’  side  slooes  in 
dvler.iaticn. 

.70  Cc5.  Organic 
carbon  influence 
from  2. 1-2. 9m.  Ser.i- 
C'-nsdlioated  shales 
at  2. 9m.  Acid  in¬ 
fluence  1.5m. 

.  -,76m., 

,  ICC*:-’,  of  l A  Cor. 
0-.15m  accent-able 
for  surface.  .15- 
.7tm  subsurface 
use.  .7o-3.Cm  for 
use  below  root  7 one. 
2-l,f  C'-mnloy  collu¬ 
vial  foot  slooe  wit.' 
slick  snot  influence. 
Semi-consol idatert 
materials  at  2.9m. 
Froflle  7'i.2m  X  with 
neavy  clayey  shales 
at  .91m. 

l.')-1.9m,  -«yp  ♦?.!: 


Q 


Q 


U 


Q 


Q 


Q 


Q 


Q 


Q 


Q 


*  EXPLANATION 


LAND  CLASSIFICATION  SYMBOLS 

LAND  CLASS - \  r- 

3  st 


SURFACE  LAYER 
Ouolity 
Depth 


Plonl  medio  deficiency 
—  Topogrophic  deficiency 

ag - Informofive  symbols 


SOIL  PROFILE  NOTES 
PROFILE  REPRESENTS  iOlMIOEPTH 
fy\  SOIL  PROFILE  NUMBER 


SECONO  LAYER 
Ouolity 
Depth 


2.8-—  2  8  EC  mmhoi/cm  Sol  E«t. 

84-80  84  pH  15  Soil-Woler  Suspension 

8  0  pH  Soil-CoClj  Sujp«n»ion 

-  .63  Hydioulic  Conduclivity  in/hf 

(O'slwrbed  Samples) 

- 24  Sett  lino  Volume 


Divides  soil  moteriol 
and  nonsoil  moteriol 


Q 


Q_12 

23 

— 

0*.  ,9m  -'rr  r*>rred  sur- 

CL. 

76- 

face  material.  ,l:9- 

_ 

0.33 

- tt 

CL- 

863 

.-In  acrent3ble  ror 
surface  use.  .71- 

- 

.Cm  subsurface  use. 

_ 

0  24 
26 

CL, 

— 

'  rntrilex  collu- 

vial  bottom  with 

* 

w 

_ 

sort: urn  :nf]uerce  in 

_ 

>CL 

88- 

area. 

>—  _r 

- 

0  30 

SCL- 

— 

_ 

88- 

0i6 

21 

FSL 

83^ 

• 

- 

INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plant  medio) 

o  Sodicity 
S  Solinity 

h  Cloy  (  very  fine  feslure) 
v  Coorse(very  sondy  testure) 
p  Restricted  permeobihty 
q  Avoiloble  moisture  copacity 
d  Oepth  of  suitable  overburden 
i  Cobbly  ,  stony  .lloggy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (includmq  grodient  ond  completify) 
r  Cobbly, stony, floggy  or  clinkers 
(land  surfoce) 
c  Cover 


SOIL  PROFILE  SYMBOLS 
Cobble 


Sond 

Loamy  Sond 
Sondy  Loam 

Silt  Loom 
Sondy  Cloy  Loom 
Clay  Loom 
Silly  Cloy  Loom 
Sondy  Cloy 
Clay 

Silty  Clay 
Shale 
Sondsione 
Fine 
Liqht 
Medium 
Heovy 


j \r 


H. 


X-  Depths  listed  are  in  meters.  Multiply  by  3.23  to  obtain  fed. 
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W 


aoi 


Sec.  2,  T.  lb  ON,  R.  9t*«' 
1000 'V.,  300 'N  of  SE  Cor. 
i  oo  0-.3Oi  acceptable 
75—  surface  material. 
220  .30-2. 5m  subsur¬ 

face  material. 
2.5-3.0m  for  use 


2J13  »C  L 

“7?  _ _ 

/FSL  belcm  root  rone. 

2-L?  complex  area 
with  30)1  slick 
spots.  Sandy 
shales  soft  to 
semi-consolidated. 
Salt  crystals  1.5m. 
.30-. 76m.,  SAR  6.6 


CL 


‘/FSl , 


«CL 


SJ0_ 

96- 


,  30.5'S.  of  SW  Cor. 
0-. 30m  preferred 
surface  material. 
,30-.6lra  acceotable 
for  surface.  .61- 
3.0m  for  subsurface 
use.  2-L?  comolex 
foot  slope  with  6-10? 
slopes  on  crests. 

,61m  semi -consoli¬ 
dated  clayey  shales 
with  salt  crystals. 
Sodiisu  influence 
in  area. 


a 


FS^ 


lUoo'ft. 


,.1006'N  of  WlA  Cor. 
0-.30n  preferred 
surface  material. 
.30-. 61m  acceptable 
for. surface.  .61- 
2.L*  subsurface 
material.  2.L-3.C* 
for . use  bedow  root 
zone.  L-8fr  complex 
side  slope- stronger 
slopes  up  to  16?  in 
the  area.  Below  1.3m 
semi -consolidated 
sandy  shales. 

1.3-1. 9m. ,  SAR  9.0 
Hyp  *1.6 


set  sis. 


-SCI ; 


Sec.  12,  T.  1L0N,  R.  99W 
LOO'E. ,  100 'N  of  SW  Cor. 
0-.30m  preferred 
surface  material. 
.30-3.0m  acceotable 
for  surface,  L-6? 
complex  general 
slope  with  crests 
varying  from  8-12?. 
Textures  approaching 
FSL  at  1.6m.  Salt 
crystals  at  1.1m. 
Profile  taken  in 
gentle  swale. 


o 


0-58 


SIC 


9-8- 


Sec.  1U,  T.  1L0N.,  R.  99W 
700'N.,  200'S,  of  WlA  Cor. 
0-.l5m  acceptable 
for  surface  use. 
.15-1. 2m  subsurface 
use.  1.2-3.0m  use 
below  root  zone. 

0-2?  comolex  collu¬ 
vial  area  of  de- 
graded  and  solodized 
sdonetz  soils. 

Slick-  snots  LO?  of 
B±o.  area.  Salt  crystals 
at  .61m. 

1.2-1. 6m. ,  SAR  27.7m 
263-  Gyp  -1.2 


SiC 


CL' 


SCL 

SCL 


3  - 


CL 


96- 


500 'N.,  300 'W.  of  El/U  Cor. 
0-59  0-.30m  acceotable 

for  surface.  .30- 
2.7m  for  use  below 
root  zone.  2-!i? 
comolex  foot  slooe 
with  slick  snots 
in  area.  .10- 
,76m  weathered 
shales,  '-’ater 
table  at  2.7m. 


££ai 


-L2L  LFS  ? 


ilfs 


,  200 'W  Of  SlA  cor. 
0-.l5m  acceotable 
for  surface.  .15- 
,L5»  subsurface 
material.  .L5-3.C»n 
for  use  below  root 
zone.  2-L?  complex 
colluvial  foot  slope 
with  up  to  50?  slick 
spots.  Free  water 
at  1.6m.  Stratafied 
sandy  shales  with 
carbonaceous  in¬ 
fluence  at  2.2m. 

. 30-.76m. ,  SAR  11.3 


.,  300  of  SlA  Cor. 
0-.L5m  preferred 
surface  material. 
,L5-1.2m  acceotable 
for  surface.  1.2- 
3.0m  subsurface 
material.  2-6? 
complex  side  slope 
in  uoper  part  of 
swale.  Salt  ac¬ 
cumulation  at  ,76m. 
Shales  soft  sandy 
material. 


( 8 )  300'W., 


Cl*! 

**  6.00 
.u- 


Q  1600's. 

Q6  1 


2.6B 


SCL 

002 


34 


: 


^LFS^ 


19- 


-C_L, 


200 'N.  of  SlA  Cor. 

0— . 30ra  acceptable 
for  surface.  .30- 
3.0m  subsurface 
material.  L-8? 
general  side  slopes 
with  slopes  to  12? 
on  shallower  erests. 
Salt  crystal  from 
,76m  becoming  more 
concentrated  at  1.9m. 
Profile  less  than 
30.5m  from  crest. 
.L5-.76*.,  SAR  5.7 


,  100'S,  of  NlA  Cor. 
0-.15m  acceotable 
for  surface.  .15- 
.L5»  for  subsurface 
use.  .U5-3.0m  for 
use  below  root  zone. 
L-6?  complex  side 
slooe  below  shallow 
crests.  Salt  cry¬ 
stals  at  ,76m. 

Sodium  influence  in 
lower  levels » 


CD. 


CL. 

ca 


JdQ. 
■  77— 
2l  8 


VFSLilf 


,  600 'S.  of  NlA  Cor. 
0-.l5m  acceotable 
for  surface.  .15- 
1.1m  subsurface 
material.  l.l-3.0m 
for  use  below  root 
zone.  2-L?  complex 
gently  sloping  side 
slopes  with  slick 
spot  in  area.  Salt 
crystals  at  ,L5m. 
1.6-2. 2m.,  SAR  17.0 
Gyp.  *2.0 


CL" 


1300 'W.,  200'N.  of  SE  Cor, 
10.4  0-.l5m  acceptable 

’7—  for  surface.  .15- 
175  <U5m  subsurface 
L9—  material.  .L5- 
15.0  3. Cm  for  use  below 

[jZT  coot  ®ne.  2-L? 

complex  colluvial 
11. 0  foot  slope  with 
1*—  slick  spots.  Area 
70?  degraded  solo- 
a7°  netz  soils-profile 
>4—  representative. 

.30-. 76m.,  SAR  19.0 


Q 


SiCL 

cl? 


1000  *s 


'fK 


JL22.CL- 

34  ■ 


Lfti 


,,  200  'E  of  NlA  Cor. 
0-.61m  acceptable 
for  surface.  .61- 
1.2m  for  subsurface 
use.  1.2-3.0m  for 
use  below  root  zone. 
2-L?  complex  collu¬ 
vial  foot  slooe  ad¬ 
jacent  to  swale. 

Area  higher  has 
shallcxv  A/C  profile. 
Semi -consolidated 
material  at  2.Lm. 
1.2-1. 8m. ,  SAR  13.0 
(&yp.  *1.6 


OX 


lLOO'N. ,  300 'S.  of  SlA  Cor. 
Q-.l5m  acceptable 
for  surface.  .15- 
,61m  subsurface 
material.  .6l-3-Om 
for  us6  below  root 
zone .  0-2?  comolex 

colluvial  bottom 
with  slick  spots. 
Overall  the  mater¬ 
ials  are  better 
than  indicated  in 
deleniated  area. 
,L5-.91m. ,  SAR  17.6 
Alluvial  bottom  with 
deeper  surface 
materials. 


83- 


ax 


CL 


•C  L  84  - 

•sciiio. 


.,  200 '2.  of  WlA  Cor. 

0-. 30m  preferred 
material.  .30- 
•L5m  acceotable 
for  surface.  .L5- 
,91m  for  subsurface 
use.  .91-2. 7m  use 
below  root  zone. 

(  2-6?  complex  foot 

slope  below  gentle 
high.  Slick  spots 
prevailing  over 
_  area  with  scatter¬ 
ed  rocks  on  surface. 
Depth  to  shale  on 
crest  averaging  ,6lm. 


1500'N.  of  SlA  Cor.  ( 
0-.L5m  preferred  ( 
surface  material. 
,L5-.91m  for  subsur-  ( 
face  use.  .91-3»On 
for  use  below  root  < 
zone.  0-2?  comolex 
colluvial  solodized 
solonete  soils  with  1 
50-60?  of  area  be¬ 
ing  slick  spots. 

Baked  shale  frag-  > 
ments  from  ,L5-.91m. 
Salt  crystals  at  ,L5m. 
,L5-.91m.,  SAR  9.L 


Q 


OZi 


1000 'S.,  500 'F.  of  NlA  Cor. 
0-.15m  preferred 
surface  material. 
,l5-.L5m  acceotable 
for  surface.  , L5- 
3.0m  subsurface 
use.  2-L?  complex 
surface  on  a  sandy 
high  area,  ,91m 
salt  crystals. 

Slick  soot  influence 
in  area. 

.91-1. 3m.,  SAR  10.L 
2.L-3.0m. ,  SAR  11.1 


•CL 


CL. 


1100 'V.,  LOO'S,  of  NlA  Cor. 

'  0-.l5m  acceptable 

for  surface.  .15- 
1 70  3.0m  subsurface 

8A—  material.  2-L7 
430  comolex  side  slooe 
with  slopes  to  10? 
near  crests.  Soft 
860  sandy  snales  at  1.  Pm» 
84 “  Strong  alkali  in¬ 
fluence  in  area. 

9.90 


CL 


eTT 


500 'S.,  100 *W.  of  ElA  Cor. 

0-.30™  preferred 
surface  material. 
,30-.76m  acceptable 
for  surface.  .76- 
1.2m  subsurface  use. 
Weathered  shales  from 
,76m  to  1.1m. 

Solonetz  influence 
in  area.  Salt 
crystals  at  1.1m. 
Surface  materials 
averaged  for  area. 


(Q 


Sec. 

700 


10,  T.  la  ON.,  R99«f 
'N.,  100 hf.  of  SE  Cor. 
0-.30m  acceptable 
for  surface  use. 
.30-. 91m  subsurface 
material.  .91- 
3.0m  for  use  below 
root  zone.  2-L? 
complex  side  slooe 
with  slick  spots 
in  area.  Clayey 
shales  semi-consol- 
idated  at  2.1m. 

Salt  crystals  at 

1.1*. 

.30-, 91m.,  SAR  9.2 


o.i  a 

27 

002 


700'N. ,  100'E.  of  WlA  Cor. 

0-.l5m  acceptable 
-JaJZT  for  surface.  .15- 
3.0m  subsurface  mat¬ 
erial.  2-L?  complex 
4.70  colluvial  bottom  with 
LO?  slick  spots. 
•L5-.76m. ,  SAR  9.3 


0  78 


L20 

78- 

iio 


CL 

^cS 


i28,r|- 

56  CL 


350'N, 

4.10 


,  350 'V.  of  El A  Cor. 
0-.L5m  acceotable 
for  surface.  .L5- 
,76m  subsurface  use. 

_  .76- 3. Cm  for  use 

jg-3  below  root  zone. 

2 A?  gentle  side 
slope  with  60? 
slick  spot  influence. 
Salt  crystals  at 

A5*. 

,L5-.76w.,  SAR  13.0 


2200^.,  LOO'S,  of  ElA  Cor. 
D-.15»  preferred 
surface  material. 
.15-. 76m  for  sub¬ 
surface  use.  .76- 
3.0m  for  use  below 
root  zone.  0-2? 
complex  collueial 
bench  with  slick 


.  _  ,,,  spots  in  area. 

aas.CLOi:  Pree  ^ter  at  2.i*. 


Q 


800 rv.,  200'S.  of  NE  Cor. 
0-A5m  preferred 
surface  material. 
.L5-1.2  acceptable 
for  surface.  1.2- 
3.0m  subsurface 
material.  2-l^f 
comolex  slopes  with 
short  crests  aporoch- 
ing  6?  slopes. 

Crusty  sandy  mater¬ 
ial  at  1.5m. 


m 


CL 


0  oo|>SCL 

•CL 


.67 -1.2m.,  SAR  13.3 


W.,  600'S,  of  NE  Cor. 
0-.l5m  preferred 
surface  material. 
.15-.L5")  subsurface 
use.  .L5-3.0m  for 
use  below  root  zone. 
0-2?  complex  colluvial 
bottom  with  30?  slick 
spots  in  area.  Salt 
accumulation  at  1.3m. 
,L5-.76m. ,  SAR  13.9 
1.3-1.9m. ,  SAR  11.7 


600'S. 


ax 


Loo»w. 


QA ?  <L 

33 


,  100 'E.  of  WlA  Cor. 
0-.76m  □ ref erred 
surface  material. 
.76-. 91m  acceptable 
for  surface.  .91- 
3.0m  subsurface 
material.  L-8? 
complex  side  slooe. 
Profile  located  mid¬ 
way  between  shallow 
crest  and  swale. 
Average  effective 
depth  on  high  areas 
.Li5m. 


,  300 'N.  of  SlA  Cor. 
0-.b5m  acceptable 
for  surface.  .^5- 
3. On  subsurface 
material.  2-L? 
complex  colluvial 
foot  slope  with  slick 
spots.  Salt  crystals 
at  .L5m. 

1.5-1. 9m.,  SAR  6.8 


JLQ6  *C  L 

25 
O04 


lLoo'W. 


1900 'N.  of  SlA  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 
,6lm  subsurface 
material.  ,61-3.0m  ' 

for  use  below  root 
zone.  0-2?  Comdex  1 
colluvial  bottom  with 
slick  soots  predom¬ 
inately  in  area. 
Maximum  salt  accumu¬ 
lation  1.5-1. Pm. 

1.2-1. 8m, SAR  1L.L 


,  1200* N.  of  ElA  Cor. 

0-.l5m  acceotable 
for  surface.  .15- 
3.0m  subsurface 
material.  0-2? 
complex  colluvial 
foot  slope  with 
slick  spot  influence. 
Water  table  at  2.5m. 
Salt  crystals  at  .76m, 


1000 'N..  200' W.  of  SE  Cor. 
Q9B  6-.L5m  oreferred 
7.1  _  surface  material. 

.L5-3.0m  subsurface 
use.  0-2?  complex 
colluvial  area 
7-00  located  in  gentle 
a5“  swale.  132.6m  'W. 

orofile  with  shales 
aa?  at  .91m. 


'FSl  5? 


1000 'E.  of  SW  Cor. 

Refer  to  Point  Site  H 9 
I^nd  Characteriza¬ 
tion  Description. 


1600 'W.  of  ElA  Cor. 

0— . 30m  oreferred 
surface  material. 
.30-135™  acceptable 
for  surface.  1.5- 
2.Lm  for  subsurface 
use.  0-2?  complex 
colluvial  soil  with 

20?  alick  apoVs 

In  area.  Water 

table  at  1.8m.  Seeo 
area.  Salt  crystals 
at  . 38m. 


*  EXPLANATION 


LANO  CLASSIFICATION  SYMBOLS 

LAND  CLASS 


ax 


■13  Z 


U 


1200 *E., 

0l94 


,  LOO'N.  of  WlA  Cor. 
0-.61m  oreferred 
surface  material. 
.61-3. Om  subsurface 
material.  L-8? 
complex  side  sl^oe 
with  12?  slopes  in 
area.  Salt  accumu¬ 
lations  heavy  1.8m. 
Soft  red  shales  from 
2.2m.  Average 
SCL  crest  depth  at  .15m. 


SURFACE  LAYER 
Quolity 
Depth 
SECOND  L 
Quolity 
Depth 


Plont  medio  deficiency 
-  Topogrophic  deficiency 

Informative  symbols 


SQl 


L 


Divides  soil  materiol 
and  nonsoil  moteriol 


8.30 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plont  medio) 

0  Sodicity 
S  Solinity 

h  Clay  (very  fine  texture ) 
v  Coarse  (very  sondy  texture) 
p  Restricted  permeobilify 
q  Avoiloble  moisture  copocity 
d  Depth  of  suitoble  overburden 
»  Cobbly  .stony, flaggy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

q  Slope  (including  gradient  ond  complexity) 
r  Cobbly, stony, floqgy  or  clinkers 
(land  surfoce) 
c  Cover 


Plate  3  a 


Q 


Sec.  L,  T.  l>iON,  R.  90W 
>00'N.,  200'E.  of  VIA  Cor. 
0-.l5m  acceptable 
surface  material. 
,15-1.2n  subsurface 
material.  1.2—3 -0» 
for  use  below  root 
zone.  2 -Li  complex 
colluvial  foot  slope 
with  6-02  slopes  on 
crests.  Salt  cry¬ 
stals  at  1.6m. 


Q 


Ck: 


Sec.  6,  T.  AON. ,  R.  96 V 
LOOK.,  100' N.  of  SE  Cor. 
0-.!i5m  preferred 
surface  material. 
,U5-1.2m  acceotable 
for  surface.  1.2- 
3.0m  subsurface 
material.  2-6X 
complex  sandy  crest 
with  stronger  slopes 
in  area. 


W  clJ*^ 


62  CLWfl  — 


5.80 


o  <60 


t  500'S,  of  NE  Cor. 
0-.91m  acceptable 
for  surface.  .91- 
1.5m  subsurface 
use.  1.5-3. On 
for  use  below  root 
zone.  2-LtX  complex 
gently  rolling 
shallow  to  moderately 
deeo  to  shale  area. 
Slick  spot  influence 
area. 

1.1-1. 5m.,  SAR  ll.L 


Q 


>CL 


lUOO'S, 

m 

0.9  7 


C  L 


:SCtg|2. 

6.00 


a 


500'S,  of  NlA  Cor. 
0-.30n  acceotable 
for  surface.  • 30- 
2.Lm  subsurface 
material.  2.U— 3»On 
for  use  below  root 
zone.  0-22  comolex 
slick  soot  area. 
Weathered  shale 
fr<xn  1.1-1. Pm. 
.91-1. 3m.,  SAR  1.3 


©600 


CU&I! 

H7.7- 

Q.76 


<CL 

Wl'S^r 


FSLj 


0  39 


300'N.  of  SlA  Cor. 

0-.61m  preferred 
surface  material. 
.61-3.0m  acceptable 
rcr  s  irfaee.  2-itX 
comolex  side  slope. 
Sandy  shales  semi- 
consolidated. 


i  ^  800'W. , 


LL. 


BR 


S* 


lOCCW.,  200'S,  of  NE  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
3.0m  subsurface  mat¬ 
erial.  022  colluv¬ 
ial  bottom  with  slick 
soot  influence  area. 
Water  table  at  2.'im. 
Salt  crystals  notic- 
able  at  .76m. 


Q 


T7~|FSbB 


4 500’V. 

=w[cr 


132L 

H>cTp°- 


,046 

lF;S5= 


,  200 r;.  of  El/ll  Cor. 
0.15m  acceotable 
for  surface.  .15- 
1.2m  for  subsurface 
use.  1.2-3.9m  for 
use  below  root  zone. 
0-2|  complex  slick 
spot  area.  Salt 
crystals  at  ,61m. 


0  20 
23 

SCL 

340 

er= 

0.04 

30 

»CL- 

80- 

016 

38 

*CL 

11.8 
82  — 

Tr 

>  CL 

12.5 

59 

8.1  - 

OOl 

09 

»CL 

±2_L 

83- 

«0.0i 

1 25 

>CL 

6  30 

85- 

,  200'S,  of  SW  Cor. 
0-.i5m  oreferred 
surface  material. 
•L5-l»2«  acceptable 
for  surface.  1.2- 
3.Cfcn  subsurface 
material.  L-8* 
comolex  side  slope. 

.U5-.?lm  FSL-CL 

weathered  shales. 
Stratified  LFS/FS 
at  1.3". 


,  500 'S.  of  WlA  Cor. 
0-.l5m  acceotable 
for  surface.  .15- 
1.2m  suheurface 
material.  1.2- 
3.0m  for  use  below 
root  zone.  0-22 
comnlex  bottom 
with  202  slick 
spots  in  area. 

Sait  crystals 
S'tiales  lighter 
with  depth. 

1.2-1. 8m.,  SAR  11.9 


2£1»CL 


^SCL-Ig. 


•  L5m. 


CL-arr- 


LOO'S.  Of  NlA  Cor. 
0-.30m  acceotable 
for  surface.  .30- 
,61m  for  subsurface 
use.  ,6l-3.0m  for 
use  below  root  zone. 
2-U2  comolex  side 
slooes  with  slick 
soots  in  area. 
Weathered  shales 
at  ,91m.  Bedrock 
material  was  first 
encountered  at  .91m. 
.61-. 91m. ,  SAR  A.L 


.,  1200 'S.  of  NW  Cor. 
0-.l5m  acceotable 
for  surface.  .15- 

1.3m  subsurface 
material.  0-22 
complex  colluvial 
foot  slooe  with 
slick  soot  influ¬ 
ence  in  area.  .76- 
1.1m  gravely  CL. 
1.1-1. 3m  very  grav¬ 
ely  sandy  loam, 
"ravels  are  baked 
shales. 

.?j5-.76m.  ,  SAR  10.6 

},  T.  AON. ,  R.  9&J 
200'N.  of  SW  Cor. 
0-.l5m  preferred 
surface  material. 
.15-. 30m  acceptable 
for  surface.  .-s6 - 
3.0m  for  subsurface 
use.  2 -hi  side 
slope  with  slick 
soots  in  area. 

Seni -consolidated 
sandy  shales  at 
1.2m.  Salt  cry¬ 
stals  at  ,38m. 

.  30-.6lm. ,  SAR  10,L 


Q. 


cl.  £2- 

9.0 


✓FSl  i.so 

99— 


CL-^a 


,,  600"-.  of  NlA  Cor. 
O-.lvn  acceptable 
surface  material. 
■J5-3.0m  subsurface 
material.  0-22 
complex  colluvial 
bottom.  Salt 
accumulations  at 
1.3-1. 5m. 

.76-1. 2m.,  SAR  3.0 


,  200'S,  of  HE  Cor. 
0-.l5m  acceotable 
surface  material. 
.15-. 76m  subsurface 
use.  .76-3.0m  for 
use  below  root  zone. 
2— Lit  comnlex  gently 
sloping  area  with 
slick  soots.  Pro¬ 
file  representative 
of  slick  spot  in¬ 
fluence  and  not 
representative  of 
area.  Salt  cry¬ 
stals  at  .L5m. 
P-.L5m.,  SAR  10.6 


,  300'S,  of  NlA  Cor. 
0-.76m  preferred 
surface  material. 
.76-1. 2m  acceptable 
for  surface.  1.2- 
3.0m  subsurface 
material.  L-82 
comnlex  moderately 
slooing  crest. 

Loose  fine  sandy 
loam  surface  with 
sandy  shale  out¬ 
cropping  on  steeoer 
crests. 

1.2-1. Pm.,  SAR  1.3 


900'N.,  500 'W.  of  SE  Cor. 

0-.30m  acceptable 
for  surface.  .30- 
2.1m  for  subsurface 
use.  U-P2  complex 
general  side  slope. 
Salt  crystals  at  .  3C*n, 
Coal  like  material 
at  2.1m.  which  is  not 
consistant  with  total 
deliniated  area. 
Isolated  cores  or 
oockets  of  baked 
shales  are  in  area. 
.91-1. 5m.,  SAR  9.P 


BR 


& 


1100'N 
7^1  520 


CL 

r! 

■CL-  a6- 


,,  900 'W.  of  HlA  Cor. 
0-.L5m  acceotable 
for  surface.  ,L5- 
1.2m  for  subsurface 
use.  1.2-3.0m  for 
use  below  root  zone. 
2— Lis’,  side  slooes 
with  62  slooes  in 
area.  Salt  crystals 
at  »U5m.  Weathered 
shales  ,L5m. 


,  700'  N.  of  ElA  Cor. 
0-.l5m  preferred 
surface  material. 

,l5-.li5m  acceotable 
for  surfacn.  .Ii5-l.lm 
for  subsurface  use. 
1.1-2 .Urn  for  use  be¬ 
low  root  zone.  2 -LX 
general  slope  with 
slopes  to  fX  on 
crests.  Area  is  in 
a  cummalative  posi¬ 
tion  with  slick  spot 
influence  in  area. 
Salt  crystals  ,3Pm. 


900 'N. 

cTteg- 


CL  a4- 

CL 


Q 


CL 


1600 'N.  of  SlA  Cor. 
"^1 1 90  O-.lSm  acceptable 
*CL. far  surface  .1  5-'-? 

■iubWiface  use.  f.3/n  + 
use  >  o  a  rMi  T'l'C.A 
comolex  colluvial 
area  with  slick 
soots.  Salt  cry¬ 
stals  at  .^lm. 

Heavy  clavev  mat¬ 
erial  at  1.6m. 


CL 


600 'W., 
LZSL 


‘SiCL 


POO'  E.  of  WlA  Cor. 
n_3.o  material  to  be 
placed  below  root 
zone.  Surface/  sub¬ 
surface  to  he  borrow¬ 
ed.  2-LX  comolex 
foot  slooe  with  slick 
snots.  Sodium  dom¬ 
inated  delination. 

9-. 30m.,  SAR  22.5 


200 'S.  of  NlA  Cor. 

0-.30m  acceotable 
surface  material. 
.30-l.Lm  for  subsur¬ 
face  use.  l.l-3.0m 
for  use  below  root 
zone.  2-LX  comolex 
foot  slooe  below 
baked  shale.  Salt 
crvstals  at  ,6lm. 

'In  to  Lot  slick  soots 
in  area. 


Q 


ci-m- 


700'E. ,  200'S,  of  N tf  Cor. 

Refer  to  Point  Site 
W7  Land  Characteri¬ 
zation  Descriotion. 


~FT 

006 


CL-73T§ 


500'S.,  liOO'W.  of  SE  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 

3.0m  for  subsurface 
use.  2-UX  como rex 
colluvial  foot 
slope.  Salt  crystals 

_  .L5m. 

82- 


80= 


Q 


?0Cr*.T.  of  SE  Cor. 
oreferred 
surface  material. 
.61- 1.2m  acceotable 
for  surface.  1.2- 
1.0m  subsurface 
material.  L-82 
comlex  side  slooes 
with  some  stronger 
-lanes  In  area. 

Semi -consolidated 
sandy  shales  at  1.5» 
SAR-  4  7 


/TS  1300'N. 

V|cl1^ 


<&2!  >r i 

36  !  Cl  rr=- 


2j^FSL 


,  300  *v/.  of  SE  Cor. 
©-.15m  acceotable 
for  s'irface.  .15- 
.61m  subsurface 
material.  .61- 
3.0m  for  use  below 
root  zone.  2- hi 
complex  foot  slooe 
with  slick  sDOts- 
?02  in  area.  Sandy 
shales  aoproaching 
FS  at  3.0m.  Salt 
crystals  at  ,76m. 
.30-. 76m.,  SAR  13.9 


Q 


s 

0-56 

23 

W 

W 

2  44 

21 


m 


cFSt  so- 


LiOO'V.  of  Sl/L  Cor. 
0-.L5m  acceptable 
for  surface.  .65- 
?.lim  subsurface 
material.  0-22 
complex  colluvial 
bottom  with  degrad¬ 
ed  slick  spots. 
Water  table  at  1.6m. 
Profile  better  than 
average  for  area. 


L21 

2< 


<c  yiz 


& 


bOO'W.  of  SlA  Cor. 
O-.US"'  acceptable 
for  surface.  .L5- 
3.0m  for  use  below 
root  zone.  0-22 
complex  colluvial 
foot  slope  with  up 
to  60X  of  area  slick 
soots.  Salt  cryp 
stals  at  .!i5«n. 
,!i5-l.l«.,  SAR  21.0 
C,yp.  *2.3 


'CL  62— 


0-0<  —  - 
TT.VfSlSf= 


o  »o  yFSl  3.30 

90— 


,  100 'E.  of  WlA  Cor. 

0-.61m  preferred 
surface  material. 
.61-. 91m  acceotable 
for  surface.  .91- 
3.0m  for  subsurface 
use.  2-hi  comolex 
side  slope  with 
profile  midwav  be¬ 
tween  crest  and 
3wale.  Stratified 
FS/FSL  from  1.6- 
2.!im.  Some  salt 
accumulations  from 
2.1-2.Um. 


,  800 'E.  of  WlA  Cor. 

0-,!i5m  preferred 
Surface  material. 
.L5-  i  subsurface 
material.  -3.0m 
for  use  below  root 
zone.  2-LX  complex 
colluvial  bottom. 
2.1-2.Lm  CL  strati¬ 
fied  shales.  FSL 
at  2. Pm.  Acid 
influencing  surface 
•li5m. 

.91-1. ?m.,  SAR  5.7 


CL 

i^OL  ClT"  2^2 


Sec. 
600 'N. 

i&o 

■f6- 

270 


CL 


IP,  T.  AON,  R.  9PW 
liOO'E.  of  SW  Cor. 

0— ,30m  oreferred 
surface  material. 
.30-. 76m  a-'ceotable 
for  surface.  .76- 
2.1m  for  use  below 
root  zone.  2-LiX 
comnlex  side  slope 
slick  soots  in  area. 
Coal  material  at 
2.1m.  Quality  of 
surface  material 
averaged  for  area. 
•76-l.lm. ,  SAR  12.0 
Gyp.  <1.7 


,  hOG'N.  of  SE  Cor. 
0-.30m  acceotable 
for  surface.  .30- 
1.1m  subsurface 
material.  l.l-3.0m 
for  use  below  root 
zone.  2 -hi  complex 
colluvial  foot  slope. 
Slick  soots  in  area. 
1.6-?.lm.,  SAR  21.1 
Gyp.  *2.3 


SOIL  PROFILE  NOTES 

©PROFILE  REPRESENTS  301MIDEPTH 
SOIL  PROFILE  NUMBER 


2.8 - 2  0  EC  mmho»/cm  Sol.  Etl 

1.4 -8.0  8.4  pH  15  Soil  -  Woler  Suipeniion 

0  0  pH  Soil  -  Co  Cl 2  Suspension 

- .65  H yd» oulic  Condue»i*il»  ln/nr 

(Disturbed  Sompies) 

- 24  Settling  Volume 


PROFILE  SYMBOLS 
Cobble 
Grovel 
Sond 

Loomy  Sand 
Sondy  Loom 

Sill  Loom 
Sondy  Clay  Loom 
Cloy  Loom 
Silly  Cloy  Loom 
Sondy  Cloy 
Cloy 

Silty  Cloy 

Sboie 

Sandsione 

Fine 

Llqht 

Medium 

Heovy 


3  S 

/•  1  3.3_62  5  *  T  141  N 

A xj  _  T  140™ 


0  Sodicity 
s  Salinity 

h  Cloy  (very  fine  tetture) 

v  Coorse  (very  sondy  teiture) 

P  Restricted  permeobility 
q  Avoiloble  moisture  copocity 
d  Depth  of  suitable  overburden 

*  Cobbly  ,  stony , floggy  or  clinkers 

(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

9  Slope  (including  gradient  ond  compleiify) 
f  “bWy.stony.ftaggy  or  clinkers 


X-  Depths  listed  are  in  meters.  Multiply  by  3.28  to 
obtain  feet. 


STARK  COUNTY 

SECTIONS  4,6,  8,  18  -  T.  14-0  N  ,  R  98  W. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
TER  AND  POWER  RESOURCE  SERVICE 

RESOURCE  B  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD -NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SEMI- DETAILED  LAND  CLASSIFICATION 


CL  ASSIF,£D_  T.JICCMTL _  SU6MZ  T  TEO_ 

ORAWN_ c  £  _ RECOMMENDED 

CHECKED^ _  A  pp  ROVED 


DILL  INGS.MON  TANA 


W7  3  or  rEBRUAI,r.,„a  |  13  05  -  600-276 


Plate  34 


q* 


FSL - 


Sec.  2,  T.  lit  ON,  R.  98W 
900  *W.,  200' N.  of  Sl/li  Cor. 
O-.30«  preferred 
Al2-  surface  material. 

.30— 1.6m  acceptable 
j»o  "**  ten  for  surface.  1.6- 
ie  3.0m  for  subsurface 

use.  L-62  complex 
—  side  slopes  below 
-  aj_  shallow  to  sandy 
f.  shale  crests.  Crests 
aoo  average  .15-.  30  to 
s5—  sandy  shales.  Salt 


X39 


44*  FSL 


crystals  at  1.6m. 


1100'N. ,  300*W.  of  SE  Cor. 
qm  0-.91m  oreferred 
&2-  surface  material. 
JaiZ  *91~2*1"  acceptable 
iTFSLlT5^  for  surface.  2.1- 
3.0#  subsurface  use. 
2— U*?  side  slope. 

2. 1-2. 7m,  SAR  8.8 


i?  fsl-  i 


0.06  .r,  1.30 


o  V 


¥ 

CL 

3.03 

— 

‘SCT 

4.73 

ESU 

4s 

LFS 

1.93 

2l 

*■ 

FSL 

-r+ 

42 

<C 

(T 

25 

CL 

Ht 

+♦ 

s.c- 

004 

c\T 

35 

0.04 

CL. 

B  2 
33 

cl'- 

m 

m 

& 


ooe 


^OOi 

260 


1500'N. 


2  4C 


,  UOO'E.  of  Wl/L  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
.91m  subsurface 
material.  .91-3.0m 
for  use  below  sur¬ 
face.  2-U2  com¬ 
plex  colluvial  foot 
slope.-  Salt  cry¬ 
stals  at  .67m, 


3^5- 


©  750 's 

004  |>Cdl  i.S 
33  -MS. 


TT 

020 


,  700 'S.  of  ElA  Cor. 
0-.3Qm  acceptable 
for  surface.  . 30- 
3.0m  subsurface 
material.  2-ht 
comolex  colluvial 
foot  slope  with 
slick  spot  influ¬ 
ence  in  area.  Water 
table  at  shale  line. 
.61-1. 3m. ,  SAR  1.0 


,  ?00'N.  of  Wl/U  Cor. 
0-.30m  preferred 
surface  materials. 
•30-1. 2m  acceptaole 
for  surface.  1.2- 
3. On  subsurface  use. 
2—! ii  complex  side 
slooe  with  slick 
snot  influence  in 
area. 


,  300  W.  of  El/li  Cor. 
0-.30m  acceotable 
for  surface.  . 3(V 
1.2n  subsurface 
material.  1.2-3. Um 
for  use  below  root 
7 one.  2-ht  corn  lex 
side  slooe.  Average 
denth  to  sandy  shales 
on  crest  at  .’to. 
•■eatnered  shales  from 
•61-1*2*. .  Salt  cry¬ 
stals  at  .25m. 

1.2-1. Cm.,  SAR  15.6 


860 

.19- 


CL 


lUOO'N. ,  800 "A.  Of  SlA  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
1.1  subsurface 
material.  1.1-3. Om 
Q 940^  for  use  below  root 
zone.  0-22  complex 
colluvial  area  with 
slick  soots.  Bed¬ 
rock  material  may 
be  localized.  Salt 
crystals  at  .67k. 
.30-.76m,SAR  9.1 


10,  T.  IUON.,  R.  9PV 
ICO’E.  Of  WlA  Cor. 
0-.L5m  acceotable 
for  surface.  .U5- 
3. On  subsurface 
material.  0-22 
com  lex  swale  with 
slick  spots  in  area. 
Cxidldized  sandy 
shales  at  1.2m. 

Salt  crystals  at 
.76m. 


5  VFSL« 


ooe  c|_.  3-iQ 


© 


200'E.. 
,  UUL 


,  200  'S.  of  Sl/U  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
•U5m  for  subsurface 
use.  .d5-3. Or  use 
below  root  zone. 

2-L%  Comdex  side 
slope  with  slick 
spot  influence  in 
area.  Weathered 
shales  from  .U5- 
1.1m.  Salt  accum¬ 
ulation  at  1.1m. 
0-J;5m. ,  SAR  7.7 


1700 ’E.,  500 'N.  of  VIA  Cor. 
0-.15m  acceptable 
for  surface.  .15- 
2.Lr  subsurface 
770  material.  2.1-3.0m 
for  use  below  root 
•one.  2-U t  Comdex 
side  slooe  with 
slick  soots  in  area. 
Carbonaceous  in- 
"  eJ'_  fluence  from  1.1  to 
1.5m.  Salt  crystals 
at  .ti5m. 

0-.U5m.,  SAR  9.2 


103. 


c  c 


152. 


1700 'W.,  1000 'N.  of  El/li  Cor. 
0-,15m  acceptable 
surface  material. 
.15-3.0)  subsurface 
material.  2-L2 
complex  side  slopes. 
Carbonaceous  influ¬ 
ence  at  1. 3m.  Salt 
crystals  at  .38m. 
.30-. 76m.,  SAR  7.9 


,  200  *E.  o‘-  WlA  Cor. 
0-.15m  acceptable 
for  surface.  .1^- 
1.2m  subsurface 
material.  1.2-3.  Cfc 
for  use  below  root 
zone.  0-22  Comdex 
colluvial  bottan 
with  502  slick  spots 
in  area.  Salt  cry¬ 
stals  at  ,L5m. 
•Ii5-.76m. ,  SAR  10.2 


150 'W.  of  NE  Cor. 
0-. 30r  oreferred 
surface  material. 
.30-1. 2m  acceotable 
for  surface.  1.2- 
3.0m  subsurface 
material.  0-22 
complex  foot  slope 
with  slick  spot  in¬ 
fluence  in  area. 


750'S.,  200'E.  of  WlA  Cor. 
£Lj|j2f  0-.15  acceotable 
c  102  surface  material. 

.15-1.2  subsurface 
material.  1.2-3. to 
for  use  below  mot 
7.one.  Profile  taken 
from  slick  soot  in 
association  with 
Drofile  *8.  1:1 

comoos it  samoles  from 
orofiles  8  and  9  in¬ 
dicate  a  surface 
increase  in  salts 
and  hydraulic  con¬ 
ductivity. 


&2L  C' 


.,  500  •«.  of  NlA  Cor. 
L  0-. ’On  oreferred 
■  surface  material. 
.30-3.0  subsurface 
use.  2-U*  comolex 
r  swale,  ’.-.'ater  table 
at  2.7m.  Salt 
crystals  ot  1.1m. 


3^1 

18 


750'S.,  100 ' E .  of  Mr  Cor. 
j  0-.91m  oreferred 
surface  material. 

,  .91-3. to  aooeptable 
:  for  surface.  2-Uf 
complex  swale  with 
crests  from  L-82. 


rSt 

153 


i.OO 

8-0- 

kS: 


GH 


Hi  OT  'E. ,  LOC'S.  of  NW  Cor. 
Refer  to  Point  Site 
07  Land  Characteri¬ 
zation  Description. 


l  - 


100'S,  of  NlA  Cor. 
P.efer  to  Point  Site 
08  Land  Characteri 
zation  Description. 


GXii51 


006 


Sec.  A,  T.  Hi  ON. ,  R.  96W 
1250 'E, 


a* 


,  500 'S.  of  Wl/U  Cor. 
0-.30m  acceptable 
for  surface.  .30- 
.91m  subsurface 
material.  ,91-3.0m 
for  use  below  root 
zone.  2-li2  Comdex 
foot  slooe  with  slick 
spots  in  area.  Free 
water  at  2. Urn. 


600 'V.  600 'N.  of  SlA  Cor 
0-.30m  acceptable 
IB  rface  material. 

6.10  .30-3. to  subsurface 
8-2  —  material.  2-U2  com- 

M120  °^ex  side  S^°P®  w>th 
>L  6-P2  slopes  in  area. 
-1  .3f*-.76m  weathered 

1  shale  material. 


ato  /FSu  mo 


700'N.,  UOO'E.  of  WlA  Cor. 
-  .  — 1 1.6O  0~.  3to  Preferred 
7e  surface  material. 
.30-2.7ln  for  sub- 
•  surface  use.  2.7- 
3.0m  for  use  below 
root  7.one.  2-h% 
complex  colluvial 
foot  slooe  with 
slick  soots  ir.  area. 

-  Lime  accumulations 
at  .30m.  Free  water 
at  2.7m. 

-  1.5-2. In.,  SAR  12.0 


>ClT 


a3- 


1000  'S.,  1000  'W.  of  NlA  Cor. 
0-. 15m  acceptable 
surface  material. 
.l5-3.0m  for  sub¬ 
surface  use.  2A2 
complex  side  slope' 
with  slick  spots  in 
area.  ,91ir.  weath¬ 
ered  shales.  Some 
free  water  at  2.7m. 


CL1 


9.50 


CL 


9.10 

82- 


© 

urii 


--  M— 

Il£_ 
_  8.0  — 


5oo'S., 

iTlasi 


gio  6-' 0 

Js.2- 


Or 


O 


a 


Q 


o 


Q 


Q 


Q 


300  »W.  of  NlA  Cor. 

0— . 30m  oreferred 
surface  material. 
.30-3.0*  subsurface. 
U-82  side  slope. 
Stratified  sandy 
shales  at  1.5m. 
Profile  average  deoth 
to  shale-  more  deoth 
in  swales  with  crests 
ranging  from  6-12". 
Surface  ,30m  slightly 
acid. 


EXPLANATION  X- 


SOIL  PROFILE  NOTES 


LAND  CLASSIFICATION  SYMBOLS 

LAND  CLASS 


SURFACE  LAYER 
Quolity 
Depth 
SECOND  LAYER 
Quality 
Depth 


Plont  medio  deficiency 
Topoqrophic  deficiency 

Informotive  symbols 


^  Pn 

®s 


2.8-—  2.8  EC  mm  ho  s/cm  Sol.  Eit. 

8  4-80  8.4  pH  I  5  Soil  -  Wole*  Suspension 

0  0  pH  Soil  -  Co  Cl 2  Suspension 

- ,65  Hydraulic  Conduelieily  In/hr 

(Disturbed  Somples) 

-  24  Sellling  Volume 


a 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plont  medio) 

0  Sodicity 
s  Salinity 

h  Cloy  (very  fine  texture) 
v  Coorse(very  sandy  texture) 
p  Restricted  permeobility 
q  Available  moisture  copocity 
d  Depth  of  suitable  overburden 
x  Cobbly  .stony, (loggy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (including  grodienl  ond  complexity) 
r  Cobbly, stony, floggy  or  clinkers 
(lond  surfoce) 
c  Cover 


SOIL  PROFILE  SYMBOLS 
Cobble 


Sond 

Loomy  Sand 
Sondy  Loam 


Silt  Loam 
Sondy  Cloy  Loom 
Cloy  Loom 
Silly  Cloy  Loom 
Sondy  Cloy 
Cloy 

Silly  Cloy 
Shole 
Sondstone 
Fine 
Light 

Moo.  *  Depths  listed  are  in  meters.  Multiply  by  3.^8  to  o 
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Sec.  22,  T.  lii ON,  R.  99V 
900 'W.,  150 'N.  of  SE  Cor. 

0-.30m  preferred 
.  Q  S5  surface  material. 
FSLp8-  .30-. 91m  acceptable 
for  surface.  .91- 
tcrJSi-L  3-0m  subsurface 
r  qTT=  material.  2-L1  com¬ 
plex  swale-side 
0*7  slope  with  slopes  in 
area  from  6-Pi,  Fine 
sands  have  lime 
0.6?  accumulations.  Pro¬ 
file  91.5m  fW  on 
side  slooe  with  0- 
0.37  Ji5m  FSL.,  Ji5-4  61» 

"  *—  LF8.,  ,61»fFS. 


© 


“ffS. 


S.C 


1100 'N. ,  100 'E.  of  VIA  Cor. 
“*]  0-.l5m  preferred 

CCjfinr  surface  material. 

.T5--U5*  acceptable 
720  for  surface.  A5- 
3j0m  for  subsurface 
use.  2-b!  complex 
8.00  side  slope.  Salt 
®—  crystals  at  .  3^W 
1*6-2. 2m.,  SAR  0.2 

fs120 


F^f6- 

CL.  « 


fX)  lliOO'S.,  UOO'W.  of  NlA  Cor. 

oVr^  -j— 12.10  O-.JOm  acceptable 
,n  *  for  surface.  .30- 

1.2m  for  subsurface 
use.  1.2-2. lm  for 
use  below  root  tone. 
2 -hi  comolex  side 
slooe.  2.1m  coal 
material.  Crests 
CL  with  .30-.!i5m  over 

sandy  shales.  Sur¬ 
face  .30m  is  slight- 
BR  ly  acid.  Salt  cry¬ 

stals  at  .30m. 


© 


TTp'CLj, 
ao6  CL 

<C 


OOP 

80 

0.02 


>cl  a? 


,  300  *W.  of  ElA  Cor.  ( 

0-.U5m  acceptable  J 
surface  material. 
A5-l.lm  subsurface  ( 
material.  1.1-3. Om 
for  use  below  root 
zone.  2-1*1  Comdex 
side  slooe  with  6-8! 
slooes  in  area  ad¬ 
jacent  to  draw. 

Slick  spots  through¬ 
out  area.  1.1-1. 5m 
stratified  CL/C. 

.  Salt  crystals  at  .U5m. 


4.60 


CL 


Cool 


Sec.  3U,  T.  lit  ON ,  R  99W. 

500 '3. ,  50'E.  of  WlA  Cor. 
0-.30m  acceotable 
surface  material. 
,30-2,'tm  subsurface 
use.  lj-6!  comnlex 
side  slooe  with 
850  slick  soots  in  area. 
8.3-  Weathered  shales 

1.20  ,lj5-.9]jn.  Seml- 

®-7—  consolidated  mater- 
i6.3  ial  at  l.'tm.  Slight- 
69—  ly  acid  at  1.6-2. 3m. 
1.3-1. 6m.,  SAR  22. !t 
Gyp  ».5 


1000 'W. 

LOO 


UOO'S.  of  NE  Cor. 
0-.l5m  acceotable 
for  surface  mat¬ 
erial.  .15-3. Om 
for  use  below  root 
7 one.  2-'i<  com¬ 
plex  side  slooe. 
Weathered  saales 
.3r>m.  Average 
deoth  to  s  iales 
at  .76-1. lm. 


3.62 


.,  500 'E.  of  SlA  Cor. 
081  0-.3CBI  preferred 

79  —  surface  material. 
030  .30- .91m  acceptable 
77—  for  surface  use. 

.91-3. Cm  subsurface 
037  material.  b-81  corn- 
83  —  plex  side  slope. 

Oxidized  sandy  shale 
073  material  at  2.1m. 


FSC 


Q  90C'E 

222. 


•ft 


j071 

FStJ66^ 


700'N. ,  lOO-W.  of  ElA  Cor. 
atK|  — |o96  0-.l5m  acceotable 


SC 

Cffl 


‘it  seiner  surface  material, 
-ao,  rn"  i!_  UE-J.On  subsurface 
use.  2-bl  complex 
side  slooe  with 
1<0  slick  spots  in  area. 
32  pCL  Salt  crystals  » 

.30-. 91*.,  SAR  8.6 


& 


Sec. 

IGOO'N. 

Icl» 

-n 

CL. 


0  00  Si  CL  . 


TF 

s.eg± 


,  30T'S.  of  NW  Cor. 
0-.30m  preferred 
material.  .30- 
1.2m  acceotable 
for  surface.  1.2- 
2.2m  subsurface 
material.  2-Ljt 
foot  slope  with 
sandy  side  slopes 
from  6-81.  Coal 
like  shales  at  2. Urn. 
Profile  located 
adjacent  to  swale. 
Crests  have  ,U5m 
reclamation  mater¬ 
ial. 

.U5-1.1*. ,  SAR  2.2 
2U,  T.  lhON . ,  R.  W 
,  800'W.  of  SlA  Cor. 
0-.30m  acceptable 
for  surface.  .30- 
3.0m  sri>surface 
material.  2-lit 
comolex  colluvial 
soil  with  slick 
soots.  Water  table 
at  2.bm. 

.  30-.76m.  ,  SAR  23.9., 
Gyp  -0.6 


600 'S.,  1*00 'W.  of  NE  Cor. 


0.0? 

23 

>CL 

m 

0-.l5m  acceptable 

SLLL 

CL. 

3.0m  for  use  below 
root  zone.  2-bl 

0.06 

3 

>CL- 

130 

83- 

002 

3i 

*C 

0.3 1 
23 

CL. 

18.5 
64  — 

with  UO!  slick  spot 
influence  in  area. 

004 

34 

— ++ 

<c  - 

ao  6 

CL 

175 

ed  shales/salt  cry¬ 
stals. 

an 

22 

SCL 

Tr 

05 

>CL 

135 
79  — 

.30-. 91m.,  SAR  7.8 

21 

<SCt 

ao2 

53 

>CL 

l<0 
78  - 

M3 

>4 

FS- 

600 'E. ,  500'N.  of  SlA  Cor. 
0-.l5m  preferred 


,l5-.U5m  acceptable 
for  surface  use. 
.1*5-3. Om  subsurface 
material.  2  — li  % 
colluvial  broad 
swale.  Weathered 
shale  material  .91- 
1.5m. 

1. P-2.)jm.,  SAR  3.7 

2. '*-3.0m.,  SAR  3.6 


0-02 

30 

SL11 


78- 

122. 


BR- 


C£\  1100 •£.,  900' N.  of  WlA  Cor.  C' 

'v-a  =3  .  0-.76m  subsurface  '  •' 

mater ial-C  lagew 
Shales  .  l*-8! 
edmnlex  side  slope 
with  baked  shales 
outcropping  in  area. 
Weathered  shales  to 
,76m.  Baked  shales 
at  ,76m.  Salts  out¬ 
cropping  on  lower 
slopes. 

A5-.76m.,  SAR  3.9 


© 


SOIL  PROFILE  NOTES 
PROFILE  REPRESENTS  30IMI0EPTH 
SOIL  PROFILE  NUMBER 


© 


800*V.,  500'N.  of  ElA  Cor. 
0-.30m  acceotable 
for  surface.  .30- 
3.0m  for  use  below 
root  zone.  0-2! 
comnlex  colluvial 
area  with  slick  soots. 
Carbonaceous  shale 
influence  1.1  to  1.6m. 
Salt  crystals  .30- 
3.0m. 


.  Q- 


212 


cd^ 

2 1L 


1500 »N.,  600 'W.  of  SlA  Cor. 
0-.30m  acceptable 
surface  material. 
,30-3.0m  subsurface, 
use.  2-h%  complex 
foot  slooe  with 
slick  soots  in  area. 
Dense  material  .30- 
.76m.  Profile  152,5 
S.  with  .61m  of  CL 
over  clay  material. 
1.2-1. Pin'. ,  SAR  7.6 


3.30 


630 


<80 


1300'S. ,  l50'E.  of  NW  Cor. 
0-.l5m  preferred 
surface  material. 
CCJtjZT  .15-. 61m  acceotable 
7.10  for  surface  use. 
>CLj8J-  .61-1. 2m  for  sub¬ 
surface  use.  2-!*! 
complex  slick  spot 
■  area  shallow  to 

BR|  moderately  deeo  over 

shales.  .91m  oxi¬ 
dized  sandy  shale. 
1.2m  coal  shales. 


cL.m 


Q 


• — 2.8  EC  mm  ho  s/cm  Sol.  Etl 
-80  0.0  pH  | :  5  Soil  -  Wolff  Suipentlon 

0  0  pH  Soil -Co Cl;  Sutpention 
--  ,6SHydroulic  Conducliuit  y  ll»/hr 
(Disturbed  Samples) 

- 2d  Stilling  Volume 


© 


1200 'E., 

rrUoo 


300  *N  of  VIA  Cor. 
0-.U5m  Dref erred  sur¬ 
face  material.  .1*5- 
.  .  ,61m  acceptable  for 

FSlXlt  surface  use.  .61- 

3.0m  subsurface  mat¬ 
erial.  k-6t  complex 
side  slopes.  Stronger 
slooes  on  sandy  crests 
to  81.  Clayey  oxi¬ 
dized  shales  in  area. 
2.1-3.0m.,  SAR  3.6 


© 


2 

asl 


d-£S 


,  300 'S  of  ElA  Cor. 
0-.l5m  preferred 
surface  material. 
•15-.b5m  acceotable 
for  surface  use. 

0-21  complex  collu¬ 
vial  bottom  with 
slick  spots  in  area. 
Water  table  at  1.6m. 
Salt  ctystals  in¬ 
creasing  with  depth 
strongly  concentrated 
1.5m.  Acid  influence 
at  1.8m. 


900 'V.,  50'S,  of  NE  Cor. 
0-.l*5m  subsurface 
SiQ^^  material.  .1*5-3 .0" 
^  for  use  below  root 
zone.  0-21  complex 
colluvial  bottom 
,J2£.  with  60l  slick  soots 
-J8®-  in  area.  Water  table 
at  2.7m.  Salt  cry¬ 
stals  from  .U6m. 
0-.li5m.,  SAR  5.1 


<0  0 


w 


C 

scLl^ 


SCLa4 


CL 


& 


iT  SiCy^z 

±S1 


1.0 


w  fS; 


350'E.  of  WlA  Cor. 
0-.U5  acceotable 
for  surface.  .Ii5- 
1.1m  for  subsurface 
use.  l.l-3.0m  use 
below  root  zone. 

0-21  complex  colluv¬ 
ial  soil  with  slick 
spots.  Stratified 
ferric/ferrous  oxi¬ 
dized  shales  fro# 
1.1m. 

.)i5-l.lm.,  SAR  12.5 


,,  150 'E.  of  NW  Cor. 
O-.lfim  acceptable 
for  surface.  .15- 
,76m  subsurface 
material.  »76-3.0m 
for  use  below  root 
zone.  2-li?  complex 
side  slope  on  gentle 
crest.  Downgraded, 
201  slick  spots  in 
area.  Salt  crystals 
•  30m. 


200  'S.  of  NlA  Cor. 
0-.30m  preferred 
surface  material. 
.30. 91m  acceotable 
for  surface.  .91- 
3.0m  for  subsurface 
use.  02!  colluvial 
bottom  with  some 
slick  spot  influence. 
Thin  calcareous  acc- 
umlation  at  2. Urn. 
Surface  1.5m.  slight¬ 
ly  acid.  Acceptable 
for  reclamation 
material. 


© 


L«i 


63- 


CL9^ 


300 'N.,  100 'W.  of  SlA  Cor. 
0. 3C8*  acceotable 
for  surface.  .30- 
3.0m  for  use  below 
root  zone.  Gently 
to  strongly  sloping 
alluvial  bottom. 
Water  table  at  2.1m. 
Surface  ,6lm  is 
a*o  slightly  acid.  Salt 
B.0  —  crystals  from  .61- 
3.0m. 

.61-1. lm.,  SAR  ?2.6 
Gyp  -.2 


© 


yio 


SCI  7 


sag 


i.f  800 'E.  of  NlA  Cor. 
0-.61m  preferred 
surface  material. 
,61-2. 7m  acceotable 
for  surface  use. 

6-101  side  slope. 
Profile  located  mid¬ 
way  on  side  slooe. 
Heavy  textured  shales 
at  2. Urn. 


1200'W.,  1100 'N.  of  SE  Cor. 

Ijki  O-.lCm  preferred  ' — ' 


0-.30m  preferred 
surface  material. 

.30-. 61m  acceptable 
for  surface  use. 

.61-1. 2m  subsirrace 
material.  2-LI  com¬ 
olex  side  slope  on 
gentle  high.  Slopes 
stronger  adjacent  to 
draws.  Oxidized  sandv 
shales  ,30m.  Coal 
shales  at  1.3m. 


SOIL  PROFILE  SYMBOLS 
Cobble 


Sond 

Loom,  So«8 
Sond,  Loom 

Silt  Loom 
Sondy  Cloy  Loom 
Cloy  Loom 
Silly  Cloy  Loom 
Sondy  Cloy 
Cloy 

Silty  Cloy 

Snolt 

Sonotton* 

Fm» 

Light 

Medium 


TT 
0-0  • 


1300  'N. ,  800 'E.  of  SlA  Cor. 
0-.30m  acceptable 
for  surface.  .30- 
1.8  subsurface 
material.  1.8-3.^ 
for  use  below  root 
zone.  2-U1  complex 
colluvial  slope. 

UOl  slick  spot  area. 
.30-.61j6,SAR  8.9 


13- 

330 


© 


li2? 


900'N. ,  ?50'W.  of  ElA  Cor. 

0-.6lm  preferred 
surface  material. 
,6l-2.Um  subsurface 
material.  6-61  side 
slope.  Average  depth 
for  materials  in  area. 
Crest  are  shallow  for 


EXPLANATION  * 


■  q4)  west*  ai  -  -a 

LF-Sgr:  surface  material. 


LAND  CLASSIFICATION  SYMBOLS 
LAND  CLASS 


© 


W 


FSlI 


Fa' 


,  26,  T.  l!iON,  R.  99'W. 
)*N, ,  100'E.  of  SV  Cor. 

0-.61m  n referred 
i.  surface  material. 
.61-3. Om  acceotable 
for  surface  material. 
I  2A1  complex  side 
slope  with  6-6!  in 
area  near  crests. 

!  Shallow  profiles  on 
crests  with  10"  SL 
over  LS. 


(C)  UOO'E. ,  150'S,  of  ElA  Cor. 

v,^| -  Refer  to  Point  Site 

1*7  Land  Characteri¬ 
zation  Description. 


SURFACE  LAYER 
Quality 
Depth 
SECOND  LAYER 
Ouolity 
Depth 


Plont  media  deficiency 
—  Topographic  deficiency 

Informative  symbols 


FStHi 


INFORMAT  IVF  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plonf  medio) 

a  Sodicity 
s  Solinity 

h  Cloy  (very  fine  texture) 
v  Coorse  (very  sondy  texture) 
p  Restricted  permeobility 
q  Avoiloble  moisture  copocily 
d  Depth  of  suitoble  overburden 
x  Cobbly  ,  stony, floqqy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (including  gradient  ond  complexity) 
r  Cobbly  .stony,  Moggy  or  clinkers 
(lond  surfoce) 
c  Cover 


STARK  COUNTY 

SECTIONS  22.24,26,34-  T  I4Q  N,  R.  99  W. 

UNITE O  STATES 

DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCE  SERVICE 

RESOURCE  S  POTENTIAL  RECLAMATION  EVALUATION 
DICKIN SOtS'  COALHELD  -  NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SEMI-DETAILED  LAND  CLASSIFICATION 


*  Depths  listed  are  in  meters.  Multiply  by  3.28  to  obtain  feet 


CL  ASSIFlEO_  T.JICCMTL _  SuBMI  T  TEO_ 

ORAWn_L_C_allso f _ RECOMMENDEO__ 

CHECKED^ _  A  pPRO  V£D 


BILLINGS. MON  TAN  A 


"sneer  r  or  |  |305 600  2~ 


Plcte  36 


CL  £ 

002 

30 

•cl  i 

O.iO 

29 

»CL .  i 

0.06 

36 

-X, 

0  02 
SO 

0J2 

“5 T 

•a?. 

r? 

ora 

23 

»CiT 

0.0 1 
25 

•CL. 

a  oc 

38 

>CL' 

0  02 

aoc 

70 

>CL 

002 

>CL 

_ 

Sec.  20,  T.  1L0N.,  R.  98W 
650'S.,  650'E.  of  W  Cor. 
0-.l5m  acceotable 
for  surface.  .15- 
3. Cta  for  subsurface 
use.  2-L?  complex 
colluvial  foot  slope 
fe'Q  with  slick  soots 

in  area.  Salt  cry¬ 
stals  at  ,76m. 

1.9-2. 5m.,  SAR  15.5 
Gyp.  -3.9 


CL. 

m 

ao2 

HT 

>CL 

14.0 

8T^ 

002 

(2  5 

40 

»CL 

A?- 

— 

0.02 

70 

»CLi 

13.5 

H— 

<0.01 

65 

>cC 

14.0 

83^ 

BR 

700 'E.  of  Wl/U  Cor. 
^40  0-.15»  acceptable 
Tf-  for  surface.  .15- 
»6lr.  for  subsurface 
use.  .61-3. On  for 
!VS  use  below  root  zone, 
ao—  0-2?  complex  collu— 
^  3  vial  bottom  with 
53-  numerous  slick  spot 
influence.  Water 
i5  0  table  at  1.6m. 

15  —  Salt  crystals  at 
.65m. 

1 5.0 


IjOO'E.  of  SW  Cor. 
0-.l5m  acceptable 
surface  material. 
.15-1. 2m  subsurface 
material.  1.2-3. O' 
for  use  below  root 
zone .  2-L?  Comdex 

.  side  slop*  on  gentle 
high.  Coal  like 
material  at  2.7m. 
Semi -consolidated 

shales  at  2.1m. 

Salt  crystals  at 
.65>n. 


,,  100‘N.  of  SE  Cor. 
0-.61m  preferred 
surface  material. 
.61-1. 2m  acceptable 
for  surface.  1.2- 
3.O1  subsurface 
material.  2-6? 
complex  side  slope 
with  P-121  slopes 
on  crests.  Carbon¬ 
aceous  influence 
2. 1-2. 7m.  Salt 
crystals  at  1.1m. 
1.5-2. lm.,  SAR  12. e 
Gyp.  ♦U.l 


1300‘N. ,  100'E.  of  WlA  Cor. 
— I  Refer  to  Point  Site 

j  #8  l^nd  Characteri¬ 

zation  Description. 


Q 


Sec.  28.  T;  AON.,  R.  98W 
100 'N.,  100  GJ.  of  ElA  Cor. 
T?|  0-.l5m.  preferred 

C  L.  surface  material. 

.15-34  m  subsurface 
‘  material.  .76  -3. On 
20  5  use  below  root  zone. 
Si-  2 -LI  complex  foot 
slope.  Free  water 
at  shale  line. 

6_  ,L5-.76m.f  SAR  11.2 


:  :e 


HE 

0.02 


1000  *w. 

Lfifi. 


CL 


,,  600 'S.  of  NE  Cor. 
0-.30m  acceptable 
for  surface  use. 
.30-1.5  for  sub¬ 
surface  use.  1.5- 
3. C»n  for  use  below 
root  zone.  2-L? 
complex  foot  slope 
with  6-8?  side 
slopes  in  area.  Salt 
crystals  at  .25m. 


© 


JHg 


>cC 


w 


CL 


CL 


N.,  500 *V.  of  SE  Cor. 
0-.l5m  preferred 
surface  material. 
.J5-1.8«  subsurface 
material.  1.9- 
3. Cm  for  use  below 
root  zone.  2-L? 
complex  foot  slope 
over  weathered 
shales  at  .76m. 
,L5-.76m.,  SAR  5.6 


111  OOM. 
20 0 


CL 


cC 

2? 


HT 


,  1000' N.  of  KlA  Cor. 
0-.l5m  acceptable 

for  surface.  .15- 
,6l»  for  subsurface 
use.  .61-3.0"  for 
use  below  root  zone. 

2 -hi  complex  collu¬ 
vial  swale  below  li¬ 
st  gentle  crests. 
Water  table  at  1.6m. 
Salt  acciamilations 
from  .67-1. 6m. 


200^.  of  ElA  Cor. 
0-.l5m  preferred 
surface  material. 
.15-1. la  subsurface 
material.  1. 1- 3 •  On 
for  use  below  root 
zone.  2 -hi  complex 
side  slopes  with 
slick  soot  influence. 
.61a  stratified  CL 
and  Clay.  Water 
table  2.1m.  Weath¬ 
ered  shales  and 
salt  crystals  at 
•61a. 


m- 

m. 


gi 


Hi 


,  100 'E.  of  WlA  Cor. 
0-.30m  acceptable 
surface  material. 

.30-1. la  subsurface 
use.  1. 1-3. Om 
for  use  below  root 
zone.  2-L?  complex 
side  slope  with 
scattered  fractured 
rock  on  surface. 

Coal  like  material 
at  1.8m.  Acid  in¬ 
fluence  from  1.1- 
l.Pm  improved  from 
leaching.  Profile 
is  representative 
of  materials  over  coal, 


300'N. ,  100'E.  of  SW  Cor. 
0-.91m  preferred 
surface  material. 
.91-1. 2m  acceotable 
for  surface.  1.2- 
3.0m  subsurface 
material.  0-2? 
complex  colluvial 
bottom  adjacent  to 
a  meanderinp  stream. 
Water  table  at  3.0m. 


© 


Sec. 

550'N. 


0  20 
23 

cl' 

Tr 

52 

>C  L 

004 

100 

002 

HE 

>CL- 

BR 

32,  T.  lii ON. ,  R.  98W 
,  200 'W.  of  ElA  Cor. 
0-.U5m  preferred 
surface  material. 
.L5-2.1®  for  use 
below  root  zone. 
0-2?  complex  resi¬ 
dual  bottom.  .Ii5- 
,91m  weathered 
shales  with  salt 
crystals. 


Q 


Q 


SCL 


i-P'CL 


93^ 


1000'N. ,  200'E.  of  WlA  Cor. 

0-. 30m  ©referred 
surface  material. 
.30-. 61a  acceptable 
for  surface  use. 
.61-3.0m  for  use 
below  root  zone. 

2-L?  comolex  collu¬ 
vial  side  slooe 
adjacent  to  a  gentle 
high. 


CL 


CL 


CL 


w|CL' 


Q 


a?- 


Q 


Sec.  30,  T.  lii  ON. ,  R.  98W 
1000 'N.,  50 'W.  of  SlA  Cor. 
0-.l5m  acceptable 
surface  material. 
.15-. 91a  subsurface 
use.  .91-3.0m  for 
use  below  root 
xone.  2-L?  nearly 
level  to  gently 
sloping  surface. 
Profile  located 
midway  on  gentle 
rise. 


T  SCL- 


0  r  1  «  50 


»cC^ 


1.17  CL  *20 


CL'  US: 


•c  C 


1250‘S.,  100‘E.  of  WlA  Cor. 
0-.30m  preferred 
surface  material. 
.30- 3.0m  for  use 
below  root  ione. 

2-L?  complex  collu¬ 
vial  foot  slooe. 
Acid  influence  at 
2.h-3.0m.  The  pH 
on  lr5  leached  is 
6.7. 

,30-.61ju,  SAR  15. P 
Gyp.  *3.9 


^■FStg£ 


o 


FSL  6JQ 

'&2- 


o 


cl-h° 


i.,  150‘N.  of  SlA  Cor. 
0-.l5m  acceptable 
for  surface  use. 

.15-. 76m  for  sub¬ 
surface  use.  .76- 
3.0m  for  use  below 
root  zone.  2-L? 
complex  gently 
sloping  swale. 

Profile  located  mid¬ 
way  on  slooe.  Slick 
spots  in  area.  Per¬ 
centage  slick  soots 
increasing  on  lower 
levels. 

,76-l.Lm. ,  SAR  6.7 


© 


0  0? 
37 
0  02 


''FSL  IB- 


1200 ‘ N.  of  SlA  Cor. 

0— . 30m  preferred 
surface  material. 
,30-3.0m  subsurface 
material.  0-2? 
comolex  colluvial 
material  with  L? 
slopes  in  area. 
Degraded  solonetz 
spots  in  are*. 

Salt  crystals  1.2m. 
Profile  adjacent 
to  low  area. 


900‘S,  of  NlA  Cor. 
0-.91a  preferred 
surface  material. 
,91-3»Om  acceptable 
for  surface  use. 
2-6?  complex  side 
slope  profile  lo¬ 
cated  midway  on 
slope.  Crests  .15m 
to  sandy  shales. 
Swales  deep.  Heavy 
shale  material  at 
1.1a.  Stratified 
sof t  sandy  material 
at  2.2m. 


'sicl 

SiC. 


2.90 


CL. 


800‘E. ,  800'N.  of  WlA  Cor. 
0-.9/ m  material 
for  subsurface  use. 
Surface  material 
will  have  to  be 
borrowed.  0-2? 
complex  slopes  with 
micro  depressions 
in  area.  Standing 
water  in  low  area. 
Profile  wet. 


720 


SB 


w 


600'S. 

rn<Lza_ 


■SCL 


CL 


UOO'W.  of  NlA  Cor. 

0-. 76m  preferred 
surface  material. 
.76-1. 2m  acceptable 
for  surface  use. 

1.2- 1.6m  subsur¬ 
face  material.  2-L? 
comnlex  side  slooe 
with  L-6?  slooes 
in  area.  Thin 
horizon  of  coal 
like  shale  at  1.8m. 
1.2-1. 6m. ,  SAR  9.2 


100'E.  of  WlA  Cor. 
0-.l5m  acceptable 
for  surface.  .15- 
3.0m  for  use  below 
root  zone.  2-L? 
comolex  slopes  near 
crest  of  sandy  shale 
high.  8-10?  side 
slopes  in  area. 

Depth  to  shales  vary 
from  ,l5-.L5m. 

Depth  SAR  Gyp. 
0-.L5m  16.3  *2.2 
1.6-2. 2m  1L.1 


,  100 'W.  of  NlA  Cor. 

0-. 30m  preferred 
surface  material. 
,30-. 76m  acceptable 
for  surface  use. 
.76-3.0m  subsurface 
use.  2-L?  comolex 
colluvial  foot 
slope.  Salt  crystals 
at  1.2m. 

.76-1. 2m.,  SAR  7.9 


Q 


O 


*  EXPLANATION 


LAND  CLASSIFICATION  SYMBOLS 
LAND  CLASS - v 


SURFACE  LAYER 
Quality 
Depth 


Plant  medio  deficiency 
-  Topogrophic  deficiency 

og - InfoVmative  symbols 


SOIL  PROFILE  NOTES 

©PROFILE  REPRESENTS  3  OIMI  DEPTH 
SOIL  PROFILE  NUMBER 


SECONO  LAYEf^ 
Quality 
Depth 


2.8 - 2.8  EC  mmhot/cm  Sot.  E it. 

8.4 -8.0  8  4  pH  15  Soil  -  Wo  ter  Su  Mien  lion 

8  0  pH  S0II-C0CI2  Su»pen»ion 

-  .65  Hydroullc  Conductivity  In/hr 

(Disturbed  Sompltt) 

- 24  Settling  Volume 


Divides  soil  moterial 
ond  nonsoil  material 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(tor  plont  medio) 

0  Sodicity 
s  Salinity 

h  Clay  (very  fine  texture) 
v  Coorse(very  snndy  texture) 
p  Restricted  permeobility 
q  Avoilobie  moisture  copocity 
d  Depth  ot  suitable  overburden 
x  Cobbly  .stony .lloggy  or  clinkers 

(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

g  Slope  (including  gradient  ond  complexity) 
r  Cobbly, stony, tloggy  or  clinkers 
(lond  surfoce) 

C  Cover 


SOIL  PROFILE  SYMBOLS 
Cobble 
Gravel 
Sond 

Loamy  Sond 
Sondy  Loom 


S.L 


Sill  Loam 
Sandy  Cloy  Loom 
Clay  Loom 
Silly  Clay  Loom 
Sandy  Cloy 
Cloy 

Silty  Cloy 
Shole 
Sondxlone 
Fine 
Light 
Medium 
Heavy 


stark  county 

SECTIONS  20,28,30,32-  T  140  N.,  R.98  W 


*  Depths  listed  are  in  meters.  Multiply  hy  3.28  to  obtain  feet 
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Plote  3  7 


©. 


n 

*CL 


22,  T.  lbON,  R.  98W 
800' E.  of  VIA  Cor. 
0-.b5®  preferred 
surface  material. 
.b5-1.8m  for  sub¬ 
surface  use.  1.6- 
3.Cta  for  use  below 
root  zone.  2-b* 
complex  colluvial 
foot  slope.  Salt 
crystals  at  ,61m. 


© 


a 


%? 


>CL 


900'N. ,  100'E.  of  SW  Cor. 
00  0-.3C*  preferred 

6-  surface  material* 
33-  .30-.6lm  acceptable 
for  surface.  .61- 
?^o>CL§i~'  3.0b  for  subsurface 

use.  2-b*  carolex 
side  slope  with 
crests  being  6-8* 
general  slooes. 
.61-. 91*. ,  SAR  9.6 


0.02 


w 


CL 


CL 


a 


cup- 
2.60 
CL'  ao- 


1200 'E. 


M  CL^ 


1100'E.,  500 'N.  of  SlA  Cor. 
Refer  to  Point  Site 
#7  land  Characteri¬ 
zation  Description. 


“^T=l 

ir<L 


aes 


26,  T.  lb ON. ,  R.  98V 
,  50'E.  of  SlA  Cor. 
O-.ism  preferred 
surface  material. 

.  is-i.i  m  acceptable 
for  surface  use. 
l«l'-3.Qn  subsurface 
use-alkalinity. 

2 -lif  complex  collu- 
vial  foot  slopes. 
q90  Salt  accumulations 
—  at  l.lm  with  sand¬ 
stone  fragments. 
Coal  fragments  at 
2.7m.  . 

2. 0-2. 5m.,  SAR  7.2 


BE 


,  1000 'N.  of  SW  Cor. 
0-.3O  preferred 
surface  material. 
.30-. 91m  acceptable 
for  surface  use. 
.91-3.  Ckn  for  sub¬ 
surface.  b— 6* 
side  slope  with 
sandy  shale  crests 
frcre  6-8*.  Crest 
varies  from  .15- 
,b5m  to  sandy 
shales .  Salt 
crystals  at  .76m. 
1.1-1. 6m.,  SAR  1U.7 


,  bOO'E.  of  SlA  Cor. 
0-.3Cn  acceptable 
surface  material. 
.30-. 91*  subsurface 
material.  .91-3.0m 
for  use  below  root 
zone.  2-b*  complex 
general  slope  with 
side  slopes  from 
8-12*.  Shallow  to 
shales  average  for 
area. 

Depth  SAR  Gyp 
.30-. 76m  11.0  *2.1 

1.1-1. 6m  15.0  +0,b 


,,  bOO  •W.  of  ElA  Cor. 
0-.30m  acceptable 
surface  material. 
.30-1.6*  subsurface 
material.  1.8-3. On 
for  use  below  root 
zone.  2-b*  complex 
side  slopes  in  gently 
rolling  area. 
Weathered  shales  and 
salt  crystals  frcxn 
,61m.  Dark  organic 
influenced  clayey 
shales  at  2.b*. 


1100 'S.,  300 'E.  of  W  Cor. 
7=1,. ,0  O-.3O1  preferred 

surface  material. 
.30-. 76m  acceptable 
for  surface.  .76- 
3.O1  for  subsurface 
-  use.  2-b*  complex 
colluvial  bottom 
with  some  slick  spots 
in  area.  Salt  cry¬ 
stals  at  1.8m. 


CL  £3= 


Ski 


40  VFSL 


500'E. 

8.60 


50 


1850 'S.  of  NlA  Cor. 
0-.76m  preferred 
surface  material. 
.76- 3.0m  acceptable 
for  subsurface  use. 
2-b*  complex 
foot  slope.  Light 
FSL  shales  at  2.1m. 
Profile  representa¬ 
tive  of  low  area. 


200  'S.  of  WlA  Cor. 
0-.15*  acceDtable 
for  surface  use. 
.15-. 91m  subsurface 
use-moderately  sa¬ 
line.  .91-3. Om  for 
use  below  root  zone. 
2-6*  comolex  side 
slope  with  shales 
outcropine  in  area. 
•30-.b6m  carbon  in*, 
dark.  SiC.  .bom 
sandy  shales,  stra¬ 
tified. 

.91-1.5*.,  SAR  12.9 
Gyp.  -6.3 


Q 


W.S,. 


002 


1000 »w. 


,  150' N.  of  ElA  Cor. 

0-.b6m  preferred 
surface  material. 
•b6-1.8m  acceptable 
for  subsurface  use. 
2-6*  complex  alluvial 
channeled  bottom. 
Water  table  at  1.5*. 


Q 


Q 


I3-  366 


© 


set 


*8- 

002 


600"./.,  300 'S.  of  ElA  Cor. 
0-.61m  oreferred 
surface  material. 
.61-1. Pm  subsurface 
material.  2-b* 
oomnlex  slope  at 
base  of  a  gently 
sloolng  high  area. 
,61m  dense  heavy 
clay  shales. 


Q 


)p= 

540 
ai  — 


Q 


3s 

I.I-3.J6+  ‘ 

1.3  .c.  2s 

.  1.43.3-3.362.“ 

3s 

'1-3.3625 

3  $t 

-  /'•  J36-6aiS’ 

2*-- s 
/  '632  4 

bOO'V.,  350 'N  of  SE  Cor. 
0-.15*  preferred 
surface  material. 
,15-.76m  acceptable 
for  surface  use. 
,76-3.0n  subsurface 
use-slightly  saline. 
6-10*  complex  side 
slope  near  crest. 
,b6m  semi-eonsolida- 
ted  shales,  strati¬ 
fied.  Salt  crystals 
at  l.lm.  Coal  frag¬ 
ments  2. 3-2.7*. 

.76-1  Jim. ,  SAR  12.7 


b50’S.,  250'S.  of  NW  Cor.  ( 
f|n9<  0— .  30m  preferred  i 

rSUpO-  surface  material. 

.30-1.5*  acceptable  ( 

for  surface  use. 
1.5-3«Om  subsurface  < 

material.  High  areas 
~  irn  vary  from  a  FSL-L 

-jjf- /FSl  surface.  Low  areas  - 

L-CL.  Profile 
042*  taken  on  side  since. 

1#7.2>lm.f  SAR  P.l 


800 'N. 

CL~ 


660 


CL 

►cT^ 


,  300  W.  of  ElA  Cor. 

0-.3Oi  oreferred 
surface  material. 
,30-3.Cta  acceptable 
for  subsurface  use. 
2-b*  complex  collu¬ 
vial  swale  below 
shale  mounds.  Slick 
spot  influence  in 
area. 


Sec. 


CL 


3b,  T.  lbON. ,  R.  98W 
1100'W.,  200'S,  of  NE  Cor. 
0-.30m  Dreferred 
surface  material. 
.30-. 61m  for  sub¬ 
surface  use.  .61- 
3. On  for  use  below 
root  zone.  2-b* 
complex  side  slope 
with  short  slopes 
to  6*  in  area.  2.bm 
salt  crystals. 

.61-1. lm. ,  SAR  1717 
Gyp.  +0.2 


<Q0i 

60 

CL- 

OC 

8< 

CL. 

© 

022 

25 

cl' 

CL- 

0.12 

25 

CL 

“26" 

CL- 

0.02 

30 

CL. 

m 


,  800 'W.  of  SE  Cor. 
0-.15*  acceptable 
for  surface  use. 

.15-. 76m  subsurface 
material.  .76-3. Om 
not  suitable  for  root 
zone.  0-2*  complex 
colluvial  slick  soot 
area.  .76-1. 2m 
weathered  clayey 
shales. 

.76-1.2*.,  SAR  15.5 
Gvp.  *2.8 


1900*  N.  of  SlA  Cor. 

0-.61m  preferred 
surface  material. 
.61-. 91m  acceDtable 
for  surface.  .91- 
3.0m  subsurface 
material.  0-2* 
comolex  alluvial 
material  with  slopes 
along  draw  from  6-8* 
in  area.  Salt  cry¬ 
stals  at  1.2*. 


o 


a 


0 


a 


OCW. ,  300'S,  of  NE  Cor. 
3-60  0-.15*  preferred 
surface  material. 
.l5-.3Qn  subsurface 
material.  . 30- 3.0m 
for  use  below  root 
zone.  2-b*  complex 
colluvial  foot  slope. 
Salt  crystals  ,b6- 
1.5«.  Consolidated 
sandstone  at  2.1m. 
.30-. 76m.,  SAR  25.6 


r  1  lwi 

CL- 


1000 'E.,  100'S,  of  NW  Cor. 
0-.61*  oreferred 
surface  material. 
.61-1.5*  subsurface 
use,  1.5“ 3.0m  use 
below  root  zone. 
.6-8*  gentle 
CL-fj|~  high  areas.  .91- 
1.5*  weathered 
shales.  1.5-2.  lm 
consolidated  sandy 
shales.  .91-1.5* 
salt  crystals. 

2.1m  crude  coal. 


Q 


EXPLANATION  X 


LAND  CLASSIFICATION  SYMBOLS 
LAND  CLASS 

3  St' 


SURFACE  LAYER 
Quality 
Depth 


Plont  medio  deficiency 
Topoqrophic  deficiency 
oq - Informotive  symbols 


© 


SOIL  PROFILE  NOTES 

PROFILE  REPRESENTS  3  0IM10EPTH 
SOIL  PROFILE  NUMBER 


SECOND  LAYER 
Ouolity 
Depth 


2.6 —  2  8  EC  mmhoi/cm  Sal.  Ext 
84-8.0  84  pH  I  5  Soil- Woler  Suspenxion 

8  0  pH  Soil  -CoClj  Suspension 

-  .65  Hydroulic  ConduCtivil y  In/hr 

(Disturbed  Samples) 

- 24  Sellllng  Volume 


-  8^ 


0^ 


,*  900 'E.  of  SlA  Cor. 
0-.15*  preferred 
surface  material. 
.15- 3 .Cm  material 
acceptable  for 
subsurface  use. 

2-b*  complex  collu¬ 
vial  foot  slope. 
Stratified  shales 
at  2.bnu 


TT 

SH- 


|K? 

il° 


1200 'S.  of  NlA  Cor. 
0-.30m  acceptable 
for  surface  use. 

.30-  1.2m  subsurface 
material.  /  2-3.0) 
not  acceptable  for 
root  zone.  2-b* 
complex  colluvial 
side  slope.  Salt 
crystals  at  .30m. 
Consolidated  sandy 
shales  at  l.Pm. 
Profile  on  better 
site  for  area-50* 
slick  soots. 

l,8-2.b*. ,  SAR  18.5 
Gyp  -3.6 


Q 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 
(for  plont  medio) 

0  Sodicily 
s  Solinity 

h  Cloy  (very  fine  texture) 
v  Coorse(very  sondy  texture) 
p  Restricted  permeobility 
q  Avoiloble  moisture  copocity 
d  Depth  of  suitoble  overburden 
x  Cobbly  ,  stony.lloqqy  or  clinkers 
(soil  profile) 

TOPOGRAPHIC  DEFICIENCIES 

q  Slope  (including  qrodient  ond  complexity) 
r  Cobbly, stony , floqqy  or  clinker* 

(lond  surfoce) 
c  Cover 


SOIL  PROFILE  SYMBOLS 
Cobble 
Gro»el 
Sond 

Loomy  Sond 
Sandy  Loom 
Loom 
Slit  Loom 
Sondy  Cloy  Loom 
Clay  Loom 
Silly  Clay  Loom 
Sondy  Clay 
Cloy 

Silty  Cloy 
Stiolf 
Sondtlon* 


SCL 


SiCL 


Fine 

Light 

Medium 


STARK  COUNTY 

SECTIONS  22,26,34-  T  140  N  ,  R  98  W 


UNITE O  STATES 

DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCE  SERVICE 

RESOURCE  B  POTENTIAL  RECLAMATION  EVALUATION 
DICKINSON  COALFIELD  -  NOR  TH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 


SEMI-DETAILED  LAND  CLASSIFICATION 


X  Depths  li « ted  are  in  meters.  Multiply  by  3.28  to  obtain  feet. 


CLASSlFIEO_  r  r^CHTL _  SUSM,  T  TEO___ 

OPAWN_L_e  A_LLs_Or _ RECOMMENOEO_ . 

CHECKED^ _  A  pprq  y  ED 


I  :  12,000  BILLINGS, MONTANA  FEBRUARY  197^1 

SHEET  9  OF  9  ‘  | 


1305-600-280 


0> 

0> 

oL 


00 

o> 

cr 


Plate  38 


X  EXPLANATION  xx 

Depth  (m)  of  preferred  material ^  ,-Deplh(m)of  acceptable  motet, al 
.1  -  .3(  3) 

10  4  Ac.  -  Acreage 

NOTES 

*  53?£™S  des,,06le  ,w  5U',0CE  P'0"™"'  in  •  -ecohstraced 

*  *  Acceptable  maleriol  refers  to  additional  good  quality  material  immediately  below  the  preferred  material.  This 
material  may  contain  slightly  higher  levels  of  soluble  salts  or  exchongeoble  sodium  than  the  preferred 

Te'Teralr  JS1i,C“m|T mpUiL  ""  Pre,'r,ed  °"d  °CCCP'°0le  m0,e,l0ls  sh°uW  °pprec,abl,  chaage 
Multiply  meters  by  3.28  to  obtain  feet 


i 


L 


1 


r 


BILLINGS  COUNTY 

SECTIONS  26,30,32  -  T.  14  I  N  ,  R  98  W. 

UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  Q  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALF ELD- NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

TOPSOILING  MATERIAL 


I'  12,000 


i 


CLASSIFIED 

DRAWN  _L_E  _AL  LSO_P _ 

CHECKED, L _ 


FIELD  APPROVAL _ 

TECHNICAL  APPROVAL 
APPROVED L _ 


BILLING  .MONTANA 

Sheet  r  of  9 


junc  ,  i9er  |  |3Q5  -600-281* 


Plate  39 


NOTE 

For  EXPLANATION  see  Sheet  I  of  9  ,  Dwg  No  1305-600-  281 


i 


j 


c 


r 


l>  12,000 


i 


BILLINGS  COUNTY 

SECTIONS  26,34,  -  T.  141  N.,  R.98W. 

UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  3  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

TOPSOILING  MATERIAL 

CL  ASSIFlED_T_TI£-CMTL _  FIELD  APPROVAL _ 

DRAWN_l_E*±±S°Z _  TECHNICAL  APPROVAL _ 

CHECKED. _  APPROVED _ 

BILLINGS,  MONTANA  '  JUNE,  1991  I  |7nr  ^  T\ 

sheet  2  of  9 _  |  1305-600-282 


Plate  40 


Fof  EXPLANATION 


NOTE 

see  Sheet  I  of  9 ,  Dwg  No,  1305-600-2  81 


M  2,000 


DUNN 

SECTIONS  30,32 


COUNTY 

T.  141  N.,  R.  97  W. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  B  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 


TOPSOILING  MATERIAL 


CL  ASSIFIED _  l 

ORA \AN _L_ £  f  _ 

CHECKED L _ 


FIELD  APPROVAL _ 

TECHNICAL  APPROVAL 
A  P  PROVE  D_ _ 


BL  L I NGS,  MON  TANA 

SHEET  3  OF  9 


jUNe,,9s,\  I3O5-0OQ-283 


Plate  41 


Plate  42 


i 

! 

I 

I 

I 

I 


NOTE 


Eor  E  XPL ANATION  see  Sheet  I  of  9  Dwg  No  1305-600-281 


h  12,000 


STARK  COUNTY 

SECTIONS  4,6,  8,  18  -  T.  140  N.,  R.  98  W. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  a  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

TOPSOILING  MATERIAL 


CLASSIFIED^  -  FIELD  APPROVAL 

DRAWN  >_£  ALLSOP 
CHECKED _ 


TECHNICAL  APPROVAL „ 
4  PPROVED _ 


BILL  INGS, MONTANA 

SHEET  5  OF  9 


JUNE,  1981 


|  1305-600-285 


Plote  43 


BILLINGS  COUNTY 


O-.l(.l) 


NOTE 


for  EXPLANATION  see  Sheet  I  of  9  Dwg.  No  1305-600-281 


STARK  COUNTY 

SECTIONS  2, 10,  14  -  T.  140  N  ,  R  98  W. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  a  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD -NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

TOPSOILING  MATERIAL 


CL  A  SSI  FI  ED  .  L  /JSS-T.. 

DRAWN  JrJ.  _ 

CHECKED.  . 


FIELD  APPROVAL _ 

TECHNICAL  APPROVAL. 
APPROVED .. 


Plate  44 


Plate  45 


STARK  COUNTY 

SECTIONS  20,28,30,32-  T.  I40N.,  R  98  W. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  Q  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD -NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

T  OPSOILING  MATERIAL 


NOTE 


Tor  EXPLANATION  see  Sheet  I  of  9  Dwg_  No  1305-600-2  81 


CLASS/F/ED_'_fJ^<LHJb _  FIELD  APPROVAL _ 

DRA\AN  if ‘*±LSOP_ -  TECHNICA  L  A  PPRO  VAL  _ 

CHECKED- -  APPROVED 


hi  2,000 


B/L  L  INGS,  MON  TANA 

SHEET  8  OF  9 


JUNE,  198/ 


|  1305-600-288 


Plate  46 


Plate  47 


Oos  — 
5.6  Ac. 


T.  140  N 


EXPLANATION 

material  suitable  for  subsurface  placement 

QUALITY  OF  MATERIAL 


STARK  COUNTY 


BILLINGS  COUNTY 

SECTIONS  28,30,32- T.  141  N.  ,  R.  98  W. 


Good 

Fair 

Poor 

Unsuitable 


Depth  of  Useable  Material  (m  )J/  — j  | — Deficiency 
I  2a 

20.0  Ac — Acreage 


J J  Additional  material  Immediately  below  topsoiling  material  that  is  suitable 
for  placement  below  the  primary  plant  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  a  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD -NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIED_J_F_'fCMTL _ FIELD  APPROVAL _ 

DRAWN_LE_ALLSOP _ TECHNICAL  APPROVAL_ 

CHECKED^ _  APPROVED 


h  12,000 


BILLINGS,  MON  TAN  A  OCTOBER  I9SI 

_  SHEET  I  OF  9 


1 1305-600-  290 


Plate  48 


s!> 


INFORMATIVE  SYMBOLS 
OVERBURDEN  DEFICIENCIES 
(for  plont  medio) 


Sodicity 
So  linity 

Cloy  (very  fine  texture) 

Coorse  (very  sondy  texture) 
Restricted  permeability 
Avotlable  moisture  capacity 
Depth  of  suitable  overburden 
Cobbly,  stony,  floggy  or  clinkers 
(soil  profile) 


STARK  COUNTY 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


BILLINGS  COUNTY 
SECTIONS  26,34,  -  T  141  N. 


R  98  W 


jr 


E23 


Good 


Unsuitable 


j 


Depth  of  Useable  Material  (m )J/—j  j — Deficiency 
1.2a 

20.0  Ac.— Acreage 


C 


r 


I  /  Additional  material  immediately  below  topsoiling  material  that  is  suitable 
for  placement  below  the  prlmory  plant  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet 


I  12,000 


{ 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  a  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD-NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIED  _T_F'JCMTL _ FIELD  APPROVAL _ 

DRAWN  _Q_  VtTTER_ _l£ fLLSOP _  TECHNICAL  APPROVAL  _ 

CHECKED  APPROVED 


OCTOBER., ,8,  |  |3Q5  60Q—  291 


Plate  49 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


Good 

Fair 

Poor 

Unsuitable 


Depth  of  Useable  Material  (m )— !/  |  |  Deficiency 
1.2  a 

20.0  Ac.— Acreage 


NOTES 

_! J  Additional  material  Immediately  below  topsoiling  material  that  Is  suitable 
for  placement  below  the  primary  plant  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet 


T.  141  N 
T  140  N 


INFORMATIVE  SYMBOLS 
OVERBURDEN  DEFICIENCIES 
(for  plant  medio) 

o  Sodicity 
s  Salinity 

h  Clay  (very  fine  texture) 
v  Coarse  (very  sondy  texture) 
p  Restricted  permeability 
q  AvoiJable  moisture  capacity 
d  Depth  of  suitable  overburden 
x  Cobbly,  stony,  floggy  or  clinkers 
(soil  profile) 


STARK  \  COUNTY 

12  6  Ac  ® 

,<:OAC  19.8  Ac.  7.3  Ac. 


DUNN  COUNTY 

SECTIONS  30,32  T.  141  N..R.  97  W. 


O 


C 


r 


i 


1=12,000 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  3  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD -NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIEDJ-_fiechtl _ FIELD  APPROVAL 

DR  A  WN  _G_  ye  TreR _ TECHNIC  A  L  APPRO  va  l 

APPROVED 


CHECKED 


11305-600-292 


Plate  50 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


Depth  of  Useoble  Material  ( — Deficiency 

1.2  a 

20.0  Ac  —  Acreoge 


T.  141  N 


Jj  Additional  material  Immediately  below  topsolllng  material  that  Is  suitable 
tor  placement  below  the  primary  plant  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet. 


Plote  51 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


mm 


Good 

Fair 

Poor 

Unsuitable 


SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plant  media) 


Sodicity 

Salinity 

Clay  (very  fine  texture) 

Coarse  (very  sandy  texture) 
Restricted  permeability 
Available  moisture  capacity 
Depth  of  suitable  overburden 
Cobbly,  stony,  flaggy  or  clinkers 
(soil  profile  ) 


STARK  COUNTY 

SECTIONS  4,6,  8,  18  -  T.  140  N. 


98  W. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  &  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD-NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


Oepfh  of  Useable  Material  (m)J/—|  | — Deficiency 
12  a 

20.0  Ac  —Acreage 


NOTES 

J/  Additional  material  immediately  below  topsollfng  material  that  Is  suitable 
for  placement  below  the  primary  plant  roof  zone. 

Multiply  meters  by  3.28  to  obtain  feet. 


I-  12,000 


1 


CLASSIFIED  _T_  FI£CHTL _ FIELD  APPROVAL  __ 

DRAWN  _ TECHNICAL  APPROVAL _ 

CHECKED _ APPROVED 


BILLINGS,  MONTANA 


JULY  1991 


11305-600-294 


Plote  52 


7.1  Ac. 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


\o°°  i°\  1  Poor 


Depth  of 


Useable  Material  (m)  J/—|  | — Deficiency 
1.2  a 

20.0  Ac  —Acreage 


NOTES 

JJ  Additional  material  immediately  below  topsolllng  material  that  Is  suitable 
for  plocemenf  below  the  primary  plont  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet. 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plant  media ) 

a  Sodicity 
s  Salinity 

h  Clay  (very  fine  texture) 
v  Coarse  (very  sondy  texture) 
p  Restricted  permeability 
g  Available  moisture  copac ity 
d  Depth  of  suitable  overburen 
x  Cobbly,  stony,  floggy  or  clinkers 
(soil  profile) 


STARK  COUNTY 

SECTIONS  2,10,14-  T  140  N.,R  98  W 


jr 

i  i 


o 


c 


I  ‘  12,000 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  Q  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD-NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIED  _t_FI£CHTL_ _  FIELD  APPROVAL 

DRAWN  _ TECHNICAL  APPROVAL _ 

CHECKED _ APPROVED 


Billings,  Montana 

_ SHEET  6  OF  9 


JULY,  1981 


11305-600-295 


Plate  53 


6  oh 
25.3  Ac. 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 

Good 

Fair 

[0°  0  e°  Poor 

j*j*j*3  Unsuitable 

Depth  of  Useable  Material  (m)_L/-^  |—  Deficiency 
1.2  a 

20.0  Ac.— Acreage 


T.  140  N. 


_ SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plont  media) 


Sodicity 

Salinity 

Clay  (very  fine  texture) 
Coorse(very  sandy  texture) 
Restricted  permeability 
Available  moisture  capacity 
Depth  of  suitable  overburden 
Cobbly,  stony,  flaggy  or  clinkers 
(soil  profile) 


STARK  COUNTY 

SECTIONS  22,24,26,34-  T  140  N,  R.  99  W. 


T  139  N 


NOTES 

I  /  Additional  material  Immediately  below  fopsoiling  material  that  Is  suitable 
for  placement  below  the  primary  plant  roof  zone. 

Multiply  meters  by  3.28  to  obtain  feel 


M2, 000  R 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BLREAU  OF  RECLAMATION 

RESOURCE  &  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD-NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIED  _2_™ECHTL _  FIELD  APPROVAL 

DRAWN  _  TECHNICAL  APPROVAL_ 

CHECKED _  APPROVED 


BILLINGS,  MONTANA 

SHEET  7  OF  9 


JULY,  1981 


I  1305-600-296 


Plate  54 


Plate  55 


EXPLANATION 

MATERIAL  SUITABLE  FOR  SUBSURFACE  PLACEMENT 
QUALITY  OF  MATERIAL 


— 


Good 

Fair 

Poor 

Unsuitable 


Depth  of  Useable  Material  (m)J/—i  | —  Deficiency 

1.2  a 

20.0  Ac.— Acreage 


2.3  oh 
35.4  Ac. 


140  N. 


139  N. 


j*r 


c 


NOTES 

\J  Additional  material  immediately  below  topsoiling  material  that  is  suitable 
for  placemen!  below  the  primary  plant  root  zone. 

Multiply  meters  by  3.28  to  obtain  feet. 


I  ••  12,000 


INFORMATIVE  SYMBOLS 

OVERBURDEN  DEFICIENCIES 

(for  plant  media) 

o  Sodicity 
s  Salinity 

h  Clay  (very  fine  texture) 
v  Coarse  (very  sandy  texture) 
p  Restricted  permeability 
q  Available  moisture  capacity 
d  Depth  of  suitable  overburden 
x  Cobbly,  stony,  floggy  or  clinkers 
(  soil  profile) 


STARK  COUNTY 

SECTIONS  22,26,34-  T.  140  N.  ,  R.  98  W 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  RECLAMATION 

RESOURCE  Q  POTENTIAL  RECLAMATION  EVALUATION 

DICKINSON  COALFIELD-NORTH  DAKOTA 
RATTLESNAKE  BUTTE  STUDY  AREA 

SUBSURFACE  MATERIAL 


CLASSIFIED  _T_FiEChrn. _ FIELD  APPROVAL  _ 

DRAWN  _±£J*±LSOP _ TECHNICAL  APPROVAL_ 

CHECKED - APPROVED _ 


Killings, 


MONTANA 

SHEET  9  OF  9 


JULY  1981 


1 1305-600-298 


Table  29 
Sheet  1  of  2 


Class 

Subclass 

1 


2s 


Class 

Subclass 

2st 


Rattlesnake  Butte,  North  Dakota 
Table  29  -  Description  of  Land  Classes 


%  of  Area  Overburden  Characteristics 


7.7  Land  in  this  class  has  an  average  minimum  depth  of  36  inches 

of  good  or  high  quality  overburden  that  is  suitable  for  plant 
media.  Usually  this  material  is  dark  colored  soil  that  has 
formed  on  deep  alluvial,  colluvial,  and  residual  material. 
Medium  texture  is  most  common. 

Soil  aggregates  of  these  medium  textured  soils  have  moderate 
to  good  stability  and  water  enters  the  material  readily. 
Internal  permeability  is  moderate  and  adequate  moisture  is 
retained  for  plant  growth.  This  rate  of  water  movement 
provides  adequate  aeration  of  the  plant  root  zone. 

Soil  material  in  this  class  is  high  in  organic  matter,  non¬ 
saline  and  nonsodic  and  there  is  no  indication  of  toxic 
material.  Below  24  inches  the  material  is  moderately 
calcareous. 

These  lands  usually  have  surplus  high  quality  overburden  that 
is  suitable  for  topdressing  or  subsoil  placement.  This 
material  when  borrowed  will  enhance  productivity  of  other 
tracts. 

15.3  Land  in  this  class  has  an  average  minimum  depth  of  18  inches 

of  fair  and  good  quality  overburden  that  is  suitable  for 
plant  media.  Usually  this  material  is  largely  medium  and 
moderately  coarse  textured  soil  that  has  formed  deep  colluvial 
and  alluvial  deposits  and  moderately  deep  residual  soils. 
Textures  range  from  sandy  loams  to  clay  loams.  Good  quality 
geologic  material  may  be  considered  as  part  of  the  18-inch 
requirement.  Below  18  inches  the  overburden  is  usually 
calcareous.  Soil  limitations  other  than  depth  include:  clay 
rich  layers,  reduced  moisture  retention,  restricted  perme¬ 
ability,  and  layers  that  are  saline  and  sodic. 

Soil  aggregates  of  these  dark  colored  soils  have  fair  to  good 
stability  and  water  enters  the  material  at  a  moderate  rate. 

The  internal  water  movement  is  adequate  to  provide  aeration  of 
the  primary  plant  root  zone.  Also,  adequate  moisture  is 
retained  for  plant  use.  The  material  that  is  suitable  for 
use  at  or  near  the  surface  is  nonsaline  and  nonsodic  and 
there  is  no  indication  of  toxicity. 


Land  Features 


The  surface  relief  comprises 
nearly  level  to  gently  sloping 
terraces,  fans,  foot  slopes, 
and  undulating  uplands.  Most 
of  this  land  produces  small 
grains  and  native  range. 
Topographic  features  will  not 
hinder  stripping  and  stock¬ 
piling.  Selective  stripping 
can  be  accomplished  easily. 
Native  mid  and  short  grasses 
are  the  most  common  range 
species. 


The  surface  relief  comprises 
nearly  level  to  rolling  foot 
slopes,  side  slopes,  swales, 
and  undulating  uplands. 
Topographic  features  will  not 
hinder  stripping  and  stock¬ 
piling  desirable  material; 
also,  selective  stripping  can 
be  accomplished  easily.  Native 
mid  and  short  grasses  are  the 
most  common  range  species. 

Small  grains  are  the  principal 
dry  farmed  crops. 


Table  29  -  Description  of  Land  Classes  (Cont’d) 


%  of  Area  Overburden  Characteristics 


Land  Features 


2.2 


Land  in  this  class  has  an  average  minimum  depth  of  18  inches 
of  good  and  high  quality  overburden  that  is  suitable  for  plant 
media.  Usually  this  material  is  dark  colored  soil  that  has 
formed  on  deep  alluvial,  colluvial,  and  residual  material. 
Medium  texture  is  most  common. 

Soil  aggregates  of  these  medium  textured  soils  have  moderate 
to  good  stability  and  water  enters  the  material  readily. 
Internal  permeability  is  moderate  and  adequate  moisture  is 
retained  for  plant  growth.  This  rate  of  water  movement 
provides  adequate  aeration  of  the  plant  root  zone. 


The  surface  relief  comprises 
moderately  steep  to  strongly 
sloping  and  rolling  foot  slopes. 
Selective  stripping  will  be 
difficult  and  some  mixing  of 
surface  and  subsoil  material 
will  occur. 


Soil  material  in  this  class  is  high  in  organic  matter,  non¬ 
saline  and  nonsodic  and  there  is  no  indication  of  toxic 
material.  Below  24  inches  the  material  is  moderately 
calcareous. 


These  lands  usually  have  surplus  high  quality  overburden  that 
is  suitable  for  topdressing  or  subsoil  placement.  This 
material  when  borrowed  will  enhance  productivity  of  other 
tracts. 


Management  Requirements 

These  soils  will  be  slightly 
susceptible  to  wind  and  water 
erosion  but  management  prac¬ 
tices  such  as  vegetative  mulch, 
mechanical  roughing,  or  contour 
planting  should  be  adequate 
control.  For  maximum  use  of 
soil  in  this  land  class,  the 
upper  6-24  inches  of  surface 
material  should  be  stripped 
and  stockpiled  separately  from 
the  subsoil  and  substratum. 


Selection  of  suitable  material 
for  use  at  or  near  the  surface 
will  require  a  review  of  the 
field  data.  There  is  adequate 
topdressing  material,  but  care 
must  be  exercised  in  selecting 
nonsaline  permeable  material 
for  the  subsoil  and  substratum. 
Selective  stripping  and  stock¬ 
piling  to  isolate  subsurface 
material  followed  by  selective 
placement  is  necessary  for  the 
best  use  of  available  material 
in  this  land  class. 

With  proper  selection  and 
placement,  reclamation  should 
not  be  difficult  and  average 
management  should  assure 
successful  permanent 
revegetation. 


Management  Requirements 

These  soils  will  be  slightly 
susceptible  to  wind  and  water 
erosion  but  management  prac¬ 
tices  such  as  vegetative  mulch, 
mechanical  roughing,  or  contour 
planting  should  be  adequate 
control.  For  maximum  use  of 
soil  in  this  land  class,  the 
upper  6-24  inches  of  surface 
material  should  be  stripped 
and  stockpiled  separately  from 
the  subsoil  and  substratum. 

A  review  of  the  field  data  to 
determine  the  effect  of 
unavoidable  mixing  of  surface 
and  subsurface  material  is 
needed  to  determine  best 
stripping  depths.  This  will 
also  be  a  guide  for  placement 
in  a  reconstructed  profile. 


The  most  common  soil  limitations  are  depth  of  soil  mantle 
and  slowly  permeable  material  in  the  subsoil  and  substratum, 
also  salinity  and  sodicity. 
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Table  29  -  Description  of  Land  Classes  (Cont'd) 


Class 

Subclass  %  of  Area  Overburden  Characteristics 

3s  59.2  Land  in  this  class  has  an  average  minimum  depth  of  10  inches 

of  fair  to  good  quality  overburden  that  is  suitable  for  plant 
media.  Usually  this  material  is  largely  medium  to  moderately 
fine  textured  soil  that  has  formed  on  alluvial,  colluvial, 
and  residual  deposits.  The  principal  limiting  soil  factor  is 
the  limited  quantity  of  nonsaline  and  nonsodic  material  for 
use  at  or  near  the  surface.  The  subsoil  and  substratum  often 
contain  moderate  to  high  amounts  of  sodium  and  large  amounts 
of  gypsum.  They  are  saline  and  sodic.  Laboratory  tests 
indicate  fair  to  poor  permeability.  Land  in  this  class 
retains  a  large  quantity  of  water  for  plant  use.  The  infil¬ 
tration  rate  and  internal  water  movement  are  moderately  slow. 

There  is  sufficient  suitable  material  for  revegetating  for 
rangeland.  Extensive  borrowing  of  material  would  be  required 
for  profiles  suitable  for  cultivation. 


3st  4.4  Land  in  this  class  has  an  average  mininum  depth  of  10  inches 

of  fair  to  good  quality  overburden  that  is  suitable  for  plant 
media.  Usually  this  material  consists  of  medium  and  moder¬ 
ately  clayey  residual  soil  and/or  weathered  shaley  parent 
material.  The  major  soil  limitation  is  quantity  of  nonsaline 
and  nonsodic  material.  There  is  adequate  suitable  material 
for  revegetating  for  rangeland.  Extensive  borrowing  of 
material  would  be  required  for  profiles  suitable  for  dryland. 

Locally  the  geologic  material  is  permeable  and  the  soluble 
salts  can  be  leached.  Some  clay  rich  and  sodium  affected 
layers  will  most  likely  be  included  in  the  stockpiled  material 
but  this  should  be  held  to  a  minimum. 


Land  Features 

The  surface  relief  comprises 
nearly  level  alluvial  terraces 
and  adjacent  foot  slopes. 
Topographic  features  will  not 
hinder  stripping  and  stock¬ 
piling  desirable  material  and 
selective  stripping  can  be 
accomplished  easily.  Native 
mid  and  short  grasses  are  the 
most  common  range  species. 

Some  tracts  produce  mixed 
grass  hay  and  a  few  poorly 
drained  tracts  grow  only  salt 
grass . 


The  surface  relief  of  land  in 
this  class  is  characterized  by 
gentle  to  moderate  slopes  below 
ridges  and  in  hilly  complex 
areas.  Moderate  slopes  will 
make  selective  stripping  diffi¬ 
cult.  Native  mid  and  short 
grasses  are  the  dominant 
species.  This  land  is  used 
for  range. 


Management  Requirements 

For  best  use  of  the  soil  in 
this  class,  the  surface  mate¬ 
rial  must  be  stripped  and 
stockpiled,  and  the  subsoil 
and  substratum  should  be 
placed  with  the  spoil  material. 
Management  practices  such  as 
vegetative  mulch,  mechanized 
roughing,  or  contour  planting 
will  retard  erosion  and  pro¬ 
mote  leaching  of  soluble  salts 
below  the  primary  root  zone. 
These  measures  can  increase 
the  effective  leaching  of 
soluble  salts  and  increase 
production  capability.  Success¬ 
ful  permanent  revegetation  can 
be  accomplished,  but  above 
average  planning  and  management 
will  be  required. 

Selective  stripping  with 
emphasis  on  stripping  small 
tracts  of  deep  soil  separately 
should  be  considered.  In 
addition  to  a  review  of  the 
data,  a  field  check  to  locate 
these  tracts  is  advisable. 
Similar  surface  treatment  of 
reconstructed  profiles  as 
described  in  3s  should  be 
followed . 
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Subclass  %  of  Area  Overburden  Characteristics 


Land  Features 


Management  Requirements 


6s 


1.3 


Land  in  this  class  has  less  than  10  inches  average  depth  of 
fair  and  good  quality  overbruden  that  is  suitable  for  plant 
media.  These  soils  have  formed  on  old  alluvium  and 
residuum.  This  material  is  clay  rich  below  the  surface 
layer  and  is  often  highly  saline  and/or  sodium  affected. 

One  or  a  combination  of  the  above  factors  make  these  soils 
unsuitable  for  plant  media.  Some  small  tracts  with  good 
quality  soil  occur  in  this  class  as  inclusions. 


The  surface  relief  in  this  class 
comprises  nearly  level  to  very 
gently  sloping  old  alluvial 
terraces  and  residual  foot 
slopes  and  benches.  Topographic 
features  will  not  hinder  selec¬ 
tive  stripping  and  stockpiling. 
Native  mid  and  short  grasses  are 
the  dominant  range  species. 


A  careful  review  of  the  data 
and  field  checking  to  locate 
the  small  inclusions  of  better 
soil  is  warranted.  This  com¬ 
bined  with  selective  stripping 
can  do  much  to  reduce  the 
amount  of  overburden  that  must 
be  borrowed  or  modified. 

Temporary  irrigation,  pittipg, 
and  gouging  basins  to  increase 
leaching  may  adequately  modify 
some  material.  However, 
borrowing  from  nearby  deep 
good  quality  soil  areas  will 
probably  be  the  most  economical 
method  of  permanent  revegetation. 


6st 


9.9 


Lands  in  this  class  have  less  than  10  inches  average  depth 
of  good  and  fair  quality  overburden  that  is  suitable  for 
plant  media.  These  shallow  residual  soils  have  formed  on 
weathered  shaley  material.  Sandstone  and  shale  outcrops  are 
common.  The  underlying  residual  formation  is  quite  variable 
in  physical  and  chemical  properties,  moderately  saline, 
moderately  sodium  influence,  slowly  permeable,  and  clay  rich 
layers  are  the  most  common  limitations.  These  limitations 
occur  singly  or  in  combination  in  most  delineated  areas  in 
this  class.  However,  small  inclusions  of  deeper  surface 
soils  and  of  permeable  nonsaline,  nonsodic  geologic  material 
are  also  present  in  most  delineated  areas. 


The  surface  relief  of  land  in 
this  class  is  characterized  by 
strongly  to  moderately  steep 
hilly  lands.  Moderate  slopes 
will  make  selective  stripping 
difficult.  The  areas  may  have 
sandstone  and/or  shale  exposures. 
Native  mid  and  short  grasses  are 
the  dominant  species.  This  land 
is  used  for  range. 


Selective  stripping  with  emphasis 
on  stripping  small  tracts  of  deep 
soil  separately  should  be  con¬ 
sidered.  These  tracts  will  require 
a  field  check  to  locate  and  to 
determine  quantity  and  quality. 
Borrow  material  will  be  required 
for  successful  permanent  revege¬ 
tation.  The  post  mining  soil 
profile  and  vegetative  cover  will 
be  an  improvement  over  present 
conditions.  Management  practices 
such  as  vegetative  mulch,  mechan¬ 
ical  roughing,  or  contour  planting 
will  retard  erosion  and  increase 
production  capability. 
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materials  in  this  study  area  were  classified  as  fair  or  poor  for  placement 
below  the  primary  plant  rooting  zone  in  reconstructed  profiles  (see  Plates 
47  through  55) . 

Permeable  material  that  is  slightly  to  moderately  saline  may  be  utilized 
in  areas  lacking  good  quality  subsurface  material.  This  material  should 
leach  and  reclaim  readily  if  placed  over  spoils  with  good  internal  drainage 
characteristics.  Sodic  and/or  clay-rich  materials  should  be  selectively 
placed  well  below  the  plant  rooting  zone  in  reconstructed  profiles. 

Bedrock  Suitability 

A  systematic  evaluation  was  made  of  the  bedrock  core  materials  described  in 
Plates  12  through  26,  Appendix  B,  in  order  to  determine  suitability  of  the 
materials  for  use  as  supplementary  plant  media. 

Complete  laboratory  analyses,  including  selected  trace  element  determinations, 
were  performed  on  samples  collected  from  USBR  Drill  Holes  78-101  and  102  and 
79-103  through  115.  The  results  of  these  tests  are  listed  in  Tables  31 
through  45,  Appendix  D. 

The  suitability  criteria  listed  in  Table  46,  Appendix  D,  were  applied  to  the 
laboratory  data  in  order  to  place  the  bedrock  materials  into  one  of  three 
classes:  Suitable,  Limited  Suitability,  or  Unsuitable. 

Table  47,  Appendix  D,  presents  a  summary  of  bedrock  suitability  for  use  as 
plant  media  in  the  Rattlesnake  Butte  Study  Area.  Overall,  approximately 
3  percent  of  the  bedrock  materials  overlying  the  VIII  (Fryburg)  coalbed 
in  this  study  area  were  rated  Suitable  for  use  as  plant  media,  7  percent 
were  of  Limited  Suitability,  and  90  percent  were  Unsuitable. 

In  general,  most  samples  collected  below  20  to  30  feet  in  depth  contained 
excessive  levels  of  exchangeable  sodium,  causing  them  to  be  classified  as 
Unsuitable.  Several  of  the  cores  were  highly  sodic  to  the  surface.  Only 
two  drill  holes,  79-112  (0  -34.3  feet)  and  79-114  (0  -10.8  feet),  had 
surface  samples  which  were  rated  Suitable.  The  Suitable  materials  were 
generally  fine-grained  sandstones  or  silty  shales.  In  addition  to 
excessive  exchangeable  sodium,  other  limiting  factors  included  moderate  to 
high  levels  of  soluble  salts,  high  clay  or  sand  percentages,  high  pH,  and 
high  trace  element  concetrations .  In  particular,  very  high  levels  of 
lead  were  detected  in  the  surface  samples  from  DH-79-104  and  DH-79-107. 

Ideally,  bedrock  materials  containing  excessive  levels  of  soluble  salts, 
exchangeable  sodium,  and/or  trace  elements  should  be  covered  by  a  minumum 
of  4  feet  of  nontoxic  overburden  during  the  reclamation  operation  in  order 
to  alleviate  any  hazard  associated  with  plant  reestablishment.  Although 
topsoil/subsoil  quantity  and  quality  appear  sufficient  for  plant  reestablish¬ 
ment  in  this  study  area,  this  bedrock  suitability  evaluation  indicates  that 
a  4-foot  covering  of  nontoxic  overburden  over  the  entire  study  area  may 
not  be  achievable.  More  detailed  premining  investigation  will  be  necessary 
to  more  accurately  quantify  the  available  nontoxic  overburden  in  this  study 
area. 
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Soil  Inventory 


This  section  provides  additional  data  on  the  soils  occurring  in  the 
Rattlesnake  Butte  Study  Area.  Most  of  the  information  is  derived  from 
soil  survey  data  compiled  by  the  Soil  Conservation  Service.— 

Data  presented  in  this  section  include  the  following: 

1.  A  Soil  Inventory  Map  of  the  Rattlesnake  Butte  Study  Area 
showing  the  soil  types/complexes/associations  mapped  by 
the  Soil  Conservation  Service  -  Plate  56,  Appendix  D. 

2.  Soil  Series  Descriptions  (National  Cooperative  Soil  Survey)  - 
Tables  48  through  72,  Appendix  D. 

3.  Interpretive  ratings  for  selected  soil  uses  -  Table  73, 
Appendix  D. 

4.  Engineering  properties  of  the  soils  -  Table  74,  Appendix  D. 

5.  Erosion  evaluations  (BLM  Form  7310-12)  correlating  with  USBR 
Point  Site  soil  profile  descriptions  -  Exhibit  3,  Appendix  D. 


Note  -  Soil  survey  data  was  unavailable  for  sections  of  the  study  area 
located  in  Billings  and  Dunn  Counties;  therefore,  this  data  is  not 
included  in  this  report. 

2/  Soil  Survey  of  Stark  County,  North  Dakota,  USDA  -  Soil  Conservation 
Service,  1968. 
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CONCLUSIONS 


CLIMATE 

The  Rattlesnake  Butte  Study  Area  has  a  continental-type  semiarid  climate 
characterized  by  harsh  cold  winters,  warm  summers,  and  large  variations 
in  seasonal  precipitation. 

The  mean  annual  precipitation  in  this  area,  recorded  at  Dickinson,  North 
Dakota,  is  about  15.5  inches.  More  than  75  percent  of  the  annual  precipi¬ 
tation  occurs  during  the  growing  season,  April  through  September.  June 
is  generally  the  wettest  month,  receiving  as  much  as  10  inches. 

The  average  annual  maximum  and  minimum  temperatures  for  this  area  (recorded 
at  Dickinson)  are  54  F.  and  28  F.,  respectively.  Generally,  about  22  days 
a  year  have  a  maximum  temperature  exceeding  90  F,  but  a  maximum  temperature 
above  100  F  occurs  only  2  to  3  days  a  year,  and  in  some  years  not  at  all. 

Based  on  data  recorded  at  Dickinson,  the  average  length  of  the  freeze-free 
period  is  estimated  at  122  days  between  mid-  to  late-May  and  mid-to  late- 
September . 

On  the  average,  thunderstorms  occur  on  30  to  35  days  each  year,  and  hail 
generally  falls  on  2  or  3  of  these  days. 

Winds  that  erode  unprotected  soils  occur  34  percent  of  the  time,  primarily 
during  April,  May,  and  June. 

The  area  receives  about  60  percent  of  the  sunshine  that  could  possibly  occur 
each  year. 

Most  climatic  factors  in  the  Rattlesnake  Butte  Study  Area  appear  favorable 
for  revegetation  of  surface-mined  land  with  native  range  plants,  small  grains, 
or  other  adaptable  crops.  However,  several  hazardous  climatic  factors  which 
may  adversely  affect  revegetation  efforts  in  the  area  should  be  recognized. 
These  are:  (1)  below  normal  or  uneven  distribution  of  precipitation,  espe¬ 
cially  during  the  growing  season,  (2)  severe  thunderstorms  or  hailstorms  that 
cause  crop  damage  and  soil  erosion,  (3)  late  spring  freezes,  and  (4)  soil 
erosion  and  moisture  depletion  by  wind. 

PHYSIOGRAPHY 

The  Rattlesnake  Butte  Study  Area  lies  in  the  unglaciated  Missouri  Plateau 
section  of  the  Great  Plains  Physiographic  Province.  This  section  is  charac¬ 
terized  by  a  series  of  complex,  narrow  divides  which  are  the  eroded  remnants 
of  a  once  widely  extensive  plateau. 

The  topography  of  this  study  area  is  variable,  ranging  from  nearly  level  and 
gently  sloping  stream  terraces,  fans,  and  footslopes  to  steep,  rolling 
uplands.  Sedimentary  strata  of  the  Fort  Union  Formation  (Sentinel  Butte 
Member)  are  exposed  along  deeply- incised  drainage  channels  and,  to  a  lesser 
extent,  at  higher  elevations  in  the  uplands.  Resistant  scoria  (baked  shale) 
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outcrops  are  common  throughout  this  study  area.  These  outcrops  appear 
as  thin  remnant  caps  over  gentle  and  moderately  sloping  uplands. 

The  relief  in  this  study  area  is  approximately  260  feet,  ranging  from 
2470  feet  along  North  Creek  in  the  southeast  corner  of  the  study  area  to 
2730  feet  in  the  uplands. 

Drainage  of  the  study  area  is  accomplished  through  an  extensive  network 
of  branching  drainages  (dendritic  pattern).  The  majority  of  the  area 
drains  southeastward  to  the  Heart  River  via  North  Creek  and  its  tributaries. 
The  northern  portion  of  the  study  area  drains  in  a  northwesterly  direction 
toward  Green  River. 


GEOLOGY 

The  Rattlesnake  Butte  Study  Area  lies  within  the  Williston  Basin  of  west- 
central  North  Dakota. 

Bedrock  is  of  Paleocene  Age  and  belongs  to  the  Sentinel  Butte  Member  of  the 
Fort  Union  Formation.  It  mostly  consists  of  soft  shale  and  sandstone  with 
lesser  amounts  of  siltstone  and  lignite. 


Thirteeen  lignite  and/or  lignitic  shale  beds  were  penetrated  by  drilling  in 
the  area.  Two  coalbeds  are  of  primary  economic  significance.  They  are  the 
IV  and  VIII  Coalbeds.  Both  coalbeds  vary  considerably  in  thickness  from  one 
part  of  the  study  area  to  another  and  each  averages  over  8  feet  thick.  Over¬ 
burden  is  generally  less  than  200  feet  thick  over  each  bed. 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Rattlesnake  Butte  Study  Area,  but  results  should  be  similar  to  those  for 
comparable  material  at  the  Otter  Creek  Study  Site,  Montana.  Those  tests 
revealed  that  shear  strengths  of  the  material  are  low,  especially  in  a 
saturated  condition.  Slides  can  easily  develop  adajacent  to  high  walls  in 
surface  mines,  primarily  along  beds  of  weak,  plastic,  carbonaceous  shales. 
Saturated  alluvial  deposits  and  uncemented  siltstones  and  fine  grained  sand¬ 
stones  will  readily  erode  and  flow  into  excavations. 

Excavation  slopes  will  vary  between  minesites  and  will  be  dependent  on 
exposure  time,  moisture  conditions,  material  types,  and  depth  of  cut. 

Adequate  drainage  will  have  to  be  maintained  to  relieve  pore  water  pressure 
in  the  overburden,  and  excavation  below  the  water  table  will  be  limited 
until  the  material  is  drained. 

Studies  at  the  Otter  Creek  Site  indicate  that  disturbed  overburden  should 
have  slopes  not  greater  than  4  to  1  and  berms  of  50  to  100  feet  in  width 
designed  on  the  slope  surface. 

Volume  changes  in  the  overburden  will  occur  with  disturbance.  An  increase 
in  volume  of  about  25  percent  should  be  expected.  In  some  cases,  the  surface 
of  the  replaced  overburden  will  be  higher  than  the  ground  surface  before 
mining. 
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Three  types  of  instability  are  common  on  reclaimed  coal-mined  areas  in  the 
Northern  Great  Plains.  They  are:  (1)  areawide  settling,  (2)  localized 
collapse,  and  (3)  piping.  Each  form  of  instability  is  affected  by  certain 
variables  in  the  postmining  landscape.  These  variables  include  the  physical 
and  chemical  characteristics  of  the  overburden,  the  methods  and  equipment 
used  in  stripping  and  contouring  operations,  and  the  season  when  these 
activities  occur.  One  or  more  of  these  types  of  landscape  instability  may 
occur  on  reclaimed  land  in  the  Rattlesnake  Butte  Study  Area. 

Weathering  tests  performed  on  bedrock  samples  from  the  study  area  revealed 
that  shales  break  down  more  rapidly  than  either  sandstones  or  siltstones, 
but  the  material  produced  may  be  difficult  to  move  and  place  because  of  its 
plasticity. 

Most  types  of  earth  materials  for  construction  uses  are  available  in  the 
study  area.  Only  concrete  aggregate  and  high  quality  riprap  will  probably 
have  be  obtained  from  outside  of  the  study  area. 


The  Rattlesnake  Butte  Study  Area  lies  in  a  stable  seismic  region,  and  no 
significant  earthquake  damage  has  been  experienced  in  the  past. 

COAL  RESOURCES 

The  Rattlesnake  Butte  EMRIA  study  site  is  located  in  the  Dickinson  coalfield 
in  the  central  part  of  the  Williston  Basin,  southwest  North  Dakota.  This 
area  contains  surface-minable  resources  in  threee  lignite  beds  that  range  in 
thickness  from  1.4  to  18  feet,  in  the  Tongue  River  and  Sentinel  Butte  Members 
of  the  Fort  Union  Formation  of  Paleocene  Age. 

Resources  of  lignite  in  the  three  beds  total  484  million  tons  (439  million 
metric  tons) .  Of  this  amount  26  percent  or  128  million  tons  is  in  beds  more 
than  10  feet  thick  that  are  under  less  than  200  feet  of  overburden.  Measured 
resources  total  55.7  million  tons  (50.5  million  metric  tons),  indicated 
resources  total  233  million  tons  (211  million  metric  tons) ,  and  inferred 
resources  total  196  million  tons  (178  million  metric  tons). 

The  apparent  rank  of  the  coal  ranges  from  lignite  A  to  lignite  B.  The  average 
heat  of  combustion  of  19  core  samples  from  the  site  on  the  as-received  basis 
is  5600  Btu/lb  (3110  kcal/kg) ,  average  ash  content  is  10.6  percent,  and 
average  sulfur  content  is  1.0  percent. 

OVERBURDEN  -  SOIL  AND  BEDROCK 

Soils  of  the  Rattlesnake  Butte  Study  Area  can  be  placed  in  two  major 
categories  based  on  their  mode  of  development,  landform  position,  and  parent 
material.  They  are:  (1)  residual  soils  on  uplands  developing  in  weathered 
sandstone,  siltstone,  shale,  and  baked  shale  (scoria)  and  (2)  alluvial/ 
colluvial  soils  on  fans,  footslopes,  swales,  and  terraces  forming  in  loamy 
alluvial /colluvial  deposits.  The  soft  sedimentary  strata  of  the  Sentinel 
Butte  Member,  Fort  Union  Formation,  have  provided  the  parent  materials  for 
both  major  soil  categories.  The  residual  soils  occur  over  approximately  85 
percent  of  the  study  area;  the  alluvial/colluvial  soils  occupy  about  10  percent 
of  the  area;  and  minor  soil  inclusions,  i.e.,  wind-deposited  soils,  occur  on 
only  5  percent  of  the  area. 
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A  semidetailed  land  suitability  classification  of  the  Rattlesnake  Butte  Study 
Area  was  made  to  evaluate  and  characaterize  the  overburden  (soil  and  bedrock 
to  a  depth  of  10  feet)  as  a  source  of  material  for  resurfacing  and  revegetating 
the  study  area  if  it  is  surface-mined.  This  survey  provides  data  on  the  quan¬ 
tity  and  quality  of  material  for  revegetation  and  ease  of  stripping  and  stock¬ 
piling  the  usable  material. 

Four  land  classes:  1,  2,  3,  and  6  were  established  to  group  land  of  equal 
suitability  for  the  specific  use  of  revegetation.  Class  1  lands  provide  the 
most  desirable  and  plentiful  source  of  easily  stripped  revegetative  material. 
Land  in  this  class  may  have  surplus  suitable  material  that  can  be  utilized 
in  deficient  areas.  Class  2  lands  have  adequate  supplies  of  resurfacing 
material,  but  it  is  generally  of  lower  quality  than  Class  1  or  somewhat  more 
difficult  to  strip.  Class  3  lands  are  marginally  suitable,  but  can  generally 
meet  the  planting  media  needs  for  their  revegetation.  Class  6  lands  lack 
adequate  supplies  of  suitable  material  to  meet  the  needs  for  revegetation. 

If  these  lands  are  disturbed  by  surface  mining,  it  will  be  necessary  to  borrow 
material  from  areas  with  adequate  supplies  or  modify  the  material  available 
for  revegetation. 

The  results  of  the  land  suitability  classification  of  the  Rattlesnake  Butte 
Study  Area  expressed  as  a  percentage  of  the  area  are  as  follows :  Class  1— 

8.6,  Class  2  -19.3,  Class  3  -  69.5,  and  Class  6  -  2.6. 

Based  on  the  field  and  laboratory  data  obtained  from  the  land  suitability 
classification,  it  appears  that  most  of  the  residual  and  alluvial/colluvial 
soils  in  this  study  area  should  yield  about  6  to  12  inches  (.15  to  .30  m) 
of  good  quality  topsoiling  material  for  revegetation.  This  material,  which 
generally  includes  the  A  and  upper  portion  of  the  B  horizons,  is  typically 
nonsaline,  nonsodic,  and  permeable. 

Many  of  the  soil  profiles  showed  a  marked  increase  in  soluble  salts,  exchange¬ 
able  sodium  and/or  clay  content  below  12  to  18  inches  (.30— .46m)  in  depth. 
Therefore,  a  significant  percentage  of  the  available  subsurface  materials 
in  this  study  area  were  classified  as  fair  or  poor  for  placement  below  the 
primary  plant  rooting  zone  in  reconstructed  profiles. 

A  systematic  evaluation  was  made  of  core  samples  from  Bureau  of  Reclamation 
Drill  Holes  78-101  and  102  and  79-103  through  115  in  order  to  determine 
suitability  of  the  materials  for  use  as  plant  media.  A  complete  set  of 
laboratory  data,  including  selected  trace  element  determinations,  provided 
the  data  base  necessary  to  evaluate  the  core  materials.  Suitability 
criteria  were  applied  to  the  laboratory  data  in  order  to  place  the  bedrock 
materials  into  one  of  three  classes:  Suitable,  Limited  Suitability,  or 
Unsuitable. 

Overall,  approximately  3  percent  of  the  bedrock  materials  were  rated  Suitable 
for  use  as  plant  media,  7  percent  were  of  Limited  Suitability,  and  90  percent 
were  Unsuitable.  Excessive  exchangeable  sodium  was  the  major  limiting  factor 
for  the  samples  classified  as  Limited  Suitability  or  Unsuitable.  Other 
limiting  factors  included  high  levels  of  soluble  salts,  high  clay  or  sand 
percentages,  high  pH,  and  high  concentrations  of  trace  elements  (surface 
samples  from  DH-79-104  and  DH-79-107  had  very  high  lead  levels) . 
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RECOMMENDATIONS  FOR  RECLAMATION 


INTRODUCTION 

Should  surface  mining  occur  in  the  Rattlesnake  Butte  Study  Area,  the  coal 
mine  operator  will  be  required  to  restore  all  disturbed  areas  "in  a  timely 
manner  to  conditions  that  are  capable  of  supporting  the  uses  which  they  are 
capable  of  supporting  before  mining,  or  to  higher  or  better  uses  ..." 
(Chapter  38-14.1,  Section  69-05.2-23-01.  North  Dakota  Century  Code). 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner (s) 
and  approved  by  the  North  Dakota  Public  Service  Commission,  the  main 
objective  of  reclamation  will  be  to  restore  the  mined  land  to  a  condition 
capable  of  supporting  the  uses  that  it  supports  today.  These  uses  are 
rangeland,  hayland,  and  cropland  (small  grains,  corn,  sunflowers). 

STABILITY  OF  THE  POSTMINING  LANDSCAPE  - 

The  design  of  a  stable  postmining  landscape  in  the  Rattlesnake  Butte  Study 
Area  will  require  the  integration  of  several  critical  factors.  These 
include:  (1)  a  detailed  knowledge  of  the  distribution  of  overburden  materials 
with  emphasis  on  the  delineation  of  highly  sodic  spoils,  (2)  proper  equipment’ 
selection,  and  (3)  a  consideration  of  seasonal  factors.  For  reclamation  to 
be  successful,  consideration  must  be  given  to  the  entire  landscape,  not 
merely  the  soil  zone. 


Three  forms  of  landscape  instability  are  common  on  reclaimed  coal-mined  areas 

m  the  Northern  Great  Plains.  These  are  areawide  settling,  local  collapse, 
and  piping.  v  ’ 

Areawide  settling  is  common  in  most  postmining  landscapes,  but  appears  to 
cause  only  minimal  disruption.  This  form  of  subsidence  will  probably  be 
most  pronounced  during  the  first  year  following  reclamation  and  will  continue 

f°5,  f  nu,"ber  o£  years-  The  two  factors  influencing 

areawide  settling  are:  (1)  texture  of  the  overburden,  and  (2)  equipment  used 
m  spoil  contouring  operations. 

A  significant  quantity  of  overburden  in  the  Rattlesnake  Butte  Study  Area 
consists  of  fine-textured  material  (shale).  When  disturbed,  this  material 
usually  results  m  more  blocky  and,  initially,  more  porous  spoils  than  does 
coarse-textured  overburden  (sandstone).  Therefore,  a  greater  degree  of 
areawide  settling  may  be  expected  in  this  area  as  compared  to  an  area  where 
coarse  textured  materials  are  predominant. 

Equipment  used  in  contouring  operations  is  a  critical  factor  influencing 
areawide  settling.  Settlement  is  significantly  less  in  scraper-contoured 
areas  than  m  dozer-contoured  areas  due  to  the  fact  that  scrapers  more 


1/  Groenewold,  G.H.  and  Rehm,  B.W.  ,  1980  (modified) 
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effectively  break  down  large  overburden  blocks  and  compact  the  spoil  mass. 
Therefore,  the  degree  of  areawide  settlement  may  be  reduced  by  employing 
scrapers  rather  than  dozers  in  spoil  contouring  operations. 

Local  large-scale  collapse  often  develops  soon  after  contouring  is  completed. 
Development  typically  ends  within  1  year.  This  form  of  instability  is 
predominant  in  precontouring  valleys  where  large,  frozen  spoil  blocks  are 
concentrated  by  mid-winter  dozer  contouring.  Thawing  of  these  blocks  results 
in  local  surface  subsidence.  To  restrict  the  development  of  local  collapse 
features,  the  use  of  scrapers  rather  than  dozers  should  be  considered  for 
contouring  operations  during  the  winter  months. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining  land¬ 
scapes.  This  form  of  instability  usually  begins  soon  after  contouring  ceases 
and  may  continue  for  several  years.  In  some  postmining  landscapes,  piping 
has  only  started  to  develop  after  as  much  as  5  years. 

Piping  is  apparently  controlled  by  a  combination  of  physical  and  chemical 
conditions  in  the  spoils.  All  piping  begins  as  a  crack,  either  on  the 
surface  of  exposed  spoils  or  at  the  topsoil-spoil  interface.  In  the  latter 
case,  the  overlying  topsoil  collapses  into  the  pipe  and  is  carried  away. 
Repeated  topsoil  application  is  usually  unsuccesful  in  stopping  the  growth 
and  development  of  piping.  Cracking  of  spoils  is  restricted  to  areas  of 
highly  dispersive  sodic  materials.  The  cracks  allow  access  for  large  volumes 
of  surface  runoff  to  flow  into  the  subsurface  of  the  spoils.  However, 
surface  cracking  alone  will  not  necessarily  result  in  the  development  of 
piping.  Piping  will  develop  only  if  an  avenue  for  water  movement  can  result 
from  fracturing  within  the  mass  of  spoils  due  to  settling  between  differ¬ 
entially  compacted  areas  (i.e.,  scraper-contoured  area  adjacent  to  dozer- 
contoured  area)  or  within  areas  of  poorly  compacted  spoils  (i.e.  dozer 
contouring  only) . 

Piping  usually  develops  in  nearly  flat  areas,  where  runoff  is  minimal  and 
infiltration  is  maximized.  Thus,  the  final  surface  slopes  in  reclaimed 
areas  must  also  be  recognized  as  controlling  factors  in  the  development  of 
piping. 

Given  the  proper  conditions  of  slope,  near-surface  dispersive  materials,  and 
a  permeable  zone  in  the  base  of  the  spoils,  piping  may  continue  to  develop 
and  disrupt  the  restored  landscape  for  many  years.  Selective  placement  of 
excessively  sodic  overburden  encountered  in  this  study  area  may  prove  to  be 
the  only  effective  means  of  controlling  piping. 

Because  the  postmining  landscape  in  the  Rattlesnake  Butte  Study  Area  will  be 
unstable,  structures  should  not  be  built  unless  they  are  specifically 
designed  to  absorb  differential  settlement.  Also,  reconstructed  drainage 
channels  will  require  periodic  maintenance  to  ensure  that  ponded  areas  do 
not  develop  in  areas  of  localized  settling. 
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GRADING  AND  HANDLING  OF  SPOIL  MATERIALS 


Mine  operators  will  be  required  by  law  to  grade  all  disturbed  areas  "to 
the  gentlest  topography  consistent  with  adjacent  unmined  landscape 
elements  .  .  .  All  spoil  shall  be  transported,  backfilled,  compacted 

(where  advisable  to  insure  stability  or  to  prevent  leaching) ,  and  graded 
to  eliminate  all  highwalls,  spoil  piles,  and  depressions  (Chapter  38-14.1, 
Section  69-05 . 2-21-01 (2) (a) ,  North  Dakota  Century  Code). 

Where  possible,  all  final  grading  and  preparation  of  graded  land  prior  to 
the  redistribution  of  topsoil  should  be  conducted  along  the  contour  to 
minimize  erosion  and  maximize  landscape  stability. 

Present  North  Dakota  law  states:  "Spoil  materials  that  are  found  by  the 
(Public  Service)  Commission  to  be  excessively  saline,  sodic,  or  both,  are 
considered  to  be  toxic-forming  materials  and  shall  be  covered  with  a  minimum 
of  4  feet  of  nontoxic  material,  provided  such  material  is  available" 

(Chapter  38-14.1,  Section  69-05.2-21-03(1),  North  Dakota  Century  Code). 

The  results  of  laboratory  tests  performed  on  samples  from  15  drill  holes 
in  the  Rattlesnake  Butte  Study  Area  indicated  that  a  significant  number 
of  the  bedrock  strata  are  excessively  sodic.  All  samples  from  5  of  the 
15  holes  had  high  to  very  high  levels  of  exchangeable  sodium.  In  the 
remaining  holes,  most  samples  below  20  to  40  feet  in  depth  were  highly 
sodic.  Based  on  this  data,  a  4-foot  covering  of  nontoxic  overburden  over 
the  entire  study  area  may  not  be  achievable.  More  detailed  premining 
investigations  will  be  necessary  to  accurately  determine  the  location  and 
quantity  of  available  nonsodic  overburden. 

EROSION  CONTROL 

Reducing  runoff  and  erosion  and  increasing  the  on— site  conservation  of 
moisture  for  vegetative  establishment  are  feasible  objectives  for  reclaimed 
land  in  the  Rattlesnake  Butte  Study  Area.  The  following  procedure  is  recom¬ 
mended  as  a  means  toward  achieving  these  objectives:  (1)  reduce  the  mean 
surface  slope  in  the  reclaimed  area,  (2)  scarify  the  surface  of  the  regraded 
spoils,  (3)  replace  the  subsoil/topsoil  and  prepare  a  seedbed,  (4)  conduct 
seeding  and  planting  operations  as  soon  as  possible  after  topsoil  redistri¬ 
bution,  and  (5)  apply  mulch  to  the  newly  seeded  areas. 

Reducing  the  mean  slope  in  the  reclaimed  area  will  provide  a  more  gently 
sloping  landscape.  A  more  level  landscape  will  allow  for  an  Increase  in 
infiltration  and  moisture  retention  and  a  decrease  in  runoff  and  sediment 
yield.  The  increase  in  moisture  retention  will  be  highly  desirable  for 
seedling  establishment  in  the  reclaimed  area. 

Prior  to  the  redistribution  of  suitable  plant  growth  material,  the  surface 
of  the  regraded  spoils  should  be  ripped  or  chiseled  in  order  to  eliminate 
slippage  surfaces  at  the  spoil-topsoil  interface  and  provide  a  favorable 
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subsurface  medium  for  air/water  infiltration  and  root  penetration.  Ripping 
or  chiseling  should  be  conducted  along  the  contour  wherever  possible  to 
prevent  runoff  and  ensure  maximum  stability. 

Subsoil  and  topsoil  are  often  compacted  by  heavy  machinery  during  the 
redistribution  process.  These  materials  should  be  loosened  by  chiseling 
or  other  means  prior  to  actual  seedbed  preparation  (disking/harrowing) .  The 
loosened  material  will  allow  roots  to  readily  penetrate  its  matrix  and  will 
also  facilitate  a  higher  rate  of  air/water  infiltration.  All  tillage  oper¬ 
ations  should  be  conducted  along  the  contour  to  prevent  excess  runoff  and 
substantial  loss  of  the  plant  growth  material. 

Seeding  and/or  planting  should  be  conducted  as  soon  as  possible  after  the 
topsoil  has  been  spread  and  a  seedbed  has  been  prepared.  The  establishment 
of  a  permanent  vegetative  cover  as  quickly  as  possible  will  be  the  most 
effective  method  of  controlling  erosion  in  the  reclaimed  area.  A  temporary 
cover  of  small  grains,  grasses,  or  legumes  may  be  required  to  protect  the 
topsoil  until  such  time  as  a  permanent  cover  can  be  established. 

Suitable  mulch  should  be  applied  on  all  newly  seeded  areas  to  control  erosion, 
conserve  soil  moisture,  and  enhance  seed  germination.  The  application  of  hay 
or  straw  mulch  at  a  rate  of  about  2  tons/acre  should  be  considered  for  the 
Rattlesnake  Butte  Study  Area.  To  prevent  substantial  losses  of  the  mulching 
material  due  to  blowing,  the  hay  or  straw  should  be  anchored  (disked  or 
crimped)  to  the  soil  surface. 


REVEGETATION 

Revegetation  of  surf ace— mined  land  in  the  Rattlesnake  Butte  Study  Area  will 
require:  (1)  removal,  segregation,  and  redistribution  of  suitable  plant 
growth  material,  (2)  selection  of  adapted  plant  species,  and  (3)  use  of 
proper  planting  and  seedbed  preparation  procedures. 

Removal,  Segregation,  and  Redistribution 

of  Suitable  Plant  Growth  Material 


Prior  to  the  actual  mining  operation,  all  suitable  plant  growth  material 
should  be  removed  and  either  redistributed  immediately  on  regraded  areas  or 
segregated  in  separate  stockpiles. 

North  Dakota  regulations  require  that  both  topsoil  and  subsoil  be  salvaged 
for  replacement  as  plant  media  (Chapter  38-14.1,  Section  69-95.2-15-02(2), 
North  Dakota  Century  Code).  This  is  accomplished  in  a  2-lift  process  with 
the  most  desirable  plant  growth  material  ("topsoil")  being  removed  in  the 
first  lift  and  the  remaining  suitable  material  ("subsoil1 )  being  salvaged  in 
the  second  lift.  Based  on  the  results  of  the  Land  Suitability  Classification 
included  in  this  report,  it  appears  that  6  to  12  inches  (.15-. 30m)  of  fair 
to  good  quality  topsoiling  material  can  be  removed  in  the  first  lift  from 
most  soils  in  this  study  area  (see  Plates  38  through  46  following  page  28). 
The  quantity  and  quality  of  subsoil  material  to  be  salvaged  in  the  second 
lift  is  highly  variable  in  this  study  area  (see  Plates  47  through  55 
following  page  28) . 
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If  stockpiling  of  the  suitable  plant  growth  material  is  necessary,  the 
stockpiles  should  be  selectively  placed  on  a  stable  area  and  protected  from 
erosion,  compaction  and  contaminants  (toxic  spoils) .  Establishment  of  a 
quick  growing  vegetative  cover  on  the  stockpiles  is  probably  the  most  effec¬ 
tive  method  of  protection;  however,  other  measures  such  as  snow  fences, 
mulches,  or  chemical  binders  may  also  be  considered. 

Before  the  suitable  plant  growth  material  is  redistributed,  the  regraded 
land  should  be  scarified  (ripped)  to  eliminate  slippage  surfaces  and  enhance 
root  penetration.  The  redistribution  of  subsoil  and  topsoil,  respectively, 
should  then  proceed  in  a  manner  that  achieves  an  approximate  uniform  thick¬ 
ness  consistent  with  the  postmining  land  use(s)  and  prevents  excess  compaction 
of  the  spoils  and  suitable  plant  growth  material. 

Finally,  nutrients  (fertilizer)  and  soil  amendments  should  be  added  to  the 
surface  soil  layer  in  the  amounts  determined  by  soil  tests.  All  soil  analyses 
should  be  performed  by  a  qualified  laboratory  using  procedures  approved  by  the 
Public  Service  Commission  (North  Dakota) . 

Selection  of  Adapted  Plants 

To  comply  with  established  State  regulations,  the  mine  operator  will  be 
required  to  establish  on  all  disturbed  areas  a  "diverse,  effective,  and 
permanent  vegetative  cover  of  the  same  seasonal  variety  native  to  the 
area  ..."  (Chapter  38-14.1,  Section  69-05.2-22-01,  North  Dakota  Century 
Code) .  Introduced  species  may  be  substituted  for  native  species  only  if 
appropriate  field  trials  have  demonstrated  that  the  introduced  species  are 
of  equal  or  superior  utility  for  the  approved  postmining  land  use(s),  or 
are  necessary  to  achieve  a  quick,  temporary,  and  stabilizing  cover.  The 
Public  Service  Commission  must  approve  the  use  of  introduced  species. 

Some  important  considerations  in  selecting  revegetative  species  for  the 
Rattlesnake  Butte  Study  Area  should  include:  drought  resistance,  salt  and 
sodium  tolerance,  resistance  to  winterkill,  palatability ,  and  resistance  to 
grazing  pressure.  Of  equal  importance  is  plant  compatibility  with  soil 
type,  slope,  aspect,  and  drainage  conditions. 

Table  75  lists  the  plants  and  seeding  rates  which  are  suggested  for  native 
grassland  plantings,  tame  grass  plantings  (areas  to„be  returned  to  cropland 
after  3-4  years),  and  salt  affected  soil  plantings.— 

Seedbed  Preparation  and  Planting 

Suitable  plant  growth  material  is  often  compacted  by  heavy  machinery  during 
the  redistribution  process.  To  provide  a  plant  medium  favorable  for  air 
and  water  infiltration,  as  well  as  root  penetration,  the  topsoil/subsoil 
should  be  chiseled  to  a  depth  of  18  to  24  inches  prior  to  seedbed  preparation. 
Disking/harrowing  should  then  be  conducted  until  a  suitable  seedbed  is 
achieved. 


2 /  From:  Guidelines  for  Reclaiming  Coal  Mine  Lands;  North  Dakota  Public 
Service  Commission,  1976. 
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Seeding  of  grasses  and  legumes  with  a  press  drill  is  usually  the  preferred 
technique;  however,  broadcasting  is  also  a  widely  accepted  method.  Drilling 
is  considered  superior  because  the  seed  is  covered  to  a  proper  depth,  rate 
of  seeding  is  controlled,  seed  distribution  is  uniform,  and  soil  compaction 
can  be  accomplished  with  packer  wheels  attached  to  the  drill.  Broadcasting 
is  considered  less  efficient  because  the  seeds  often  perch  on  top  of  the  soil 
where  germination  and  establishment  are  difficult.  Seed  that  is  broadcast 
should  always  receive  some  form  of  mechanical  treatment  to  give  it  suitable 
coverage, ^ynless  the  bed  is  loose  so  that  natural  sloughing  of  soil  will  cover 
the  seed.— 


Natural  woodland  complexes  (woody  draws)  occur  to  a  minor  extent  in  this 
study  area.  These  complexes  should  be  avoided  during  the  mining  operation, 
if  at  all  possible,  as  they  are  irreplaceable  ecosystems  and  the  majority 
of  the  prairie  animal  community  is  dependent  on  them.  If  disturbance  of 
these  complexes  cannot  be  avoided,  the  trees  and  shrubs  should  be  salvaged 
for  transplanting  in  reconstructed  drainages. 

Seeding  and  planting  operations  should  be  conducted  during  the  first  normal 
period  for  favorable  planting  conditions  following  the  redistribution  of 
suitable  plant  growth  material.  In  the  Rattlesnake  Butte  Study  Area,  early 
spring  or  late  fall  planting  of  grasses  and  legumes  appears  most  desirable. 

If  spring  planting  is  selected,  the  plants  should  be  seeded  between  early 
March  and  late  April  in  order  that  seedlings  may  emerge  before  the  spring 
rains  begin.  If  late  fall  planting  is  chosen,  seeding  should  be  conducted 
after  mid-October  to  prevent  germination. 

POST-RECLAMATION  MANAGEMENT 
Responsibility  of  the  Mine  Operator 

In  North  Dakota,  the  coal  mine  operator  will  be  responsible  for  management 
of  the  reclaimed  area  for  a  minimum  of  10  years.  The  success  of  revegetation 
will  then  be  d^yermined  for  each  approved  postmining  land  use  according  to 
the  following:— 

1.  For  rangeland  and  hayland,  the  following  requirement  must  be 

achieved  for  the  last  two  consecutive  years  of  the  responsibility 
period: 

(a)  "Ground  cover  and  productivity  .  .  .  shall  be  equal  to  or 
greater  than,  with  90  percent  statistical  confidence  for 
herbaceous  vegetation  and  80  percent  statistical  confidence 
for  woody  vegetation,  the  approved  standards—  ,  and 


4/  USDA  -  Forest  Service,  General  Technical  Report  INT-64,  1979. 

5/  The  postmining  land  uses  in  the  Rattlesnake  Butte  Study  Area  are  assumed 
to  be  rangeland,  hayland,  and  cropland  (small  grains,  corn,  sunflowers). 

6/  Approved  standard  refers  to  an  undisturbed  "reference"  area  chosen  for 

comparative  purposes  to  determine  success  of  revegetation  on  the  reclaimed 
site. 
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Table  75 


3/ 

NATIVE  GRASSLAND  PLANTINGS  — 


Species 


Seeding  Rate  (lbs/acre) 


Western  wheatgrass 
Pubescent  wheatgrass* 
Little  bluestem** 
Sideoats  grama 
Green  needlegrass 
Alfalfa  or 
Sweetclover 
Total 


6 

1% 

2 

3 

4 
1 

Js 

17-17% 


*  If  seed  not  available, 

substitute  slender  wheatgrass. 

**  If  seed  not  available, 

substitute  prairie  sandreed 
or  switchgrass. 


IMPROVED  VARIETIES  OF  GRASS/LEGUME  PLANTING  FOR  CROPLAND* 


Species 


Pasture  or  Hayland 
Dry  Site  Moist  Site 


Crested  wheatgrass  7 

Smooth  bromegrass 
Pubescent  wheatgrass**  3 

Intermediate  wheatgrass 
Tall  wheatgrass 
Alfalfa  1% 

Sweetclover  % 

Total  12” 


2 

5 

3 


Wildlife  Planting 


4 

3 

3 

JL 

11 


*  In  pounds  of  seed  per  acre. 

**  If  seed  not  available,  substitute  slender  or  intermediate  wheatgrass. 


SALT  AFFECTED  SOIL  PLANTINGS 


Species 


Seeding  Rate  (lbs/acre) 


Tall  wheatgrass  4 

Slender  wheatgrass  3 

Western  wheatgrass  7 

Sweetclover  2 

Total  16" 


3/  Origin  of  native  seed  produced  should  be  limited  to  North  Dakota, 

South  Dakota,  eastern  Montana,  eastern  Wyoming,  and  northern  Nebraska. 


■ 

(b)  The  diversity,  seasonality,  and  permanence  of  the  vegeta¬ 
tion  .  .  .  ,  determined  from  the  major  species  and  groups, 
shall  be  equivalent  to  that  of  the  approved  standard" 

(Chapter  38-14.1,  Section  69-05 . 2-22-07 (3) (a) ,  North  Dakota 
Century  Code) . 

2.  For  cropland,  "crop  production  .  .  .  shall  be  equal  to  or  greater 
than,  with  90  percent  statistical  confidence,  that  of  the  approved 
standard  for  the  last  two  consecutive  growing  seasons  of  the 
responsibility  period"  (Chapter  38-14.1,  Section  69-05 . 2-22-07 (3) (b) , 
North  Dakota  Century  Code) . 

On  lands  reclaimed  to  rangeland,  livestock  grazing  "shall  be  practiced  for 
at  least  the  last  4  years  of  the  responsibility  period  at  a  capacity  approxi¬ 
mately  equal  to  that  for  similar  well  managed  lands"  (Chapter  38-14.1, 

Section  69-05.2-22-06,  North  Dakota  Century  Code).  The  Public  Service 
Commission,  in  consultation  with  the  landowners (s) ,  will  determine  when  the 
revegetated  area  is  ready  for  livestock  grazing. 

Responsibility  of  the  Landowner 

The  landowners  in  the  Rattlesnake  Butte  Study  Area  will  resume  responsibility 
for  management  of  the  reclaimed  lands  following  termination  of  the  mine 
operator’s  responsibility  period.  To  ensure  that  the  reclaimed  land  remains 
stable  and  productive,  the  landowners  should  implement  proper  range  and  soil/ 
crop  management  practices. 

On  areas  returned  to  rangeland,  grazing  should  be  limited  to  a  capacity  that 
the  reclaimed  land  is  capable  of  supporting.  Overgrazing  reclaimed  lands  will 
result  in  a  reduced  vegetative  cover,  accelerated  erosion,  and  an  overall 
decrease  in  productivity. 

On  lands  returned  to  cropland,  the  main  objective  of  the  landowner  in 
cultivating  the  land  should  be  sustained  profitable  production.  To  aid  in 
achieving  this  objective,  soil/crop  management  practices  including  contour 
tillage,  fertilization,  crop  rotation,  weed  and  insect  control,  mulching, 
etc.,  should  be  utilized  whenever  possible. 

SUMMARY  OF  RECLAMATION  POTENTIAL 

Based  on  the  resource  data  presented  in  this  report,  the  potential  for 
restoring  surface-mined  land  in  the  Rattlesnake  Butte  Study  Area  to  a 
condition  capable  of  supporting  the  present  uses  (rangeland,  hayland,  and 
cropland)  appears  good.  The  most  critical  factors  directly  influencing 
revegetation:  (1)  climate,  and  (2)  availability  of  suitable  plant  growth 
material,  both  appear  favorable  in  this  study  area. 

The  climatic  regime  in  this  area  is  conducive  to  the  production  of  native 
range  plants,  small  grains,  and  other  adaptable  crops.  The  moisture 
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available  to  plants  from  snowmelt  and  spring  precipitation  is  usually 
adequate  for  germination  and  establishment.  Although  the  growing  season 
in  this  area  is  estimated  at  122  days  between  mid-  to  late-May  and  mid-  to 
late-September ,  native  grasses  and  small  grains  will  typically  mature  or 
become  dormant  by  about  mid-July  when  the  available  soil  moisture  is 
depleted . 

Most  soils  in  this  study  area  should  yield  about  6  to  12  inches  (.15-. 30  m) 
of  fair  to  good  quality  topsoil  which  is  nonsaline,  nonsodic,  and  moderately 
permeable.  Given  adequate  moisture  and  a  moderate  amount  of  fertilization, 
this  material  should  provide  an  excellent  revegetative  medium.  Many  of  the 
soil  profiles  examined  in  the  study  area  showed  a  marked  increase  in  clay 
content,  soluble  salts,  and/or  exchangeable  sodium  in  the  subsurface  horizons. 
Therefore,  the  quantity  of  suitable  subsoil  material  available  for  replace¬ 
ment  in  reconstructed  profiles  may  be  limited.  Permeable  material  that  is 
moderately  saline  may  be  utilized  as  subsoil  in  deficient  areas.  This 
material  should  leach  and  reclaim  readily  under  natural  conditions  if  placed 
over  spoils  with  good  internal  drainage  characteristics.  Sodic  or  clay-rich 
materials  should  be  selectively  placed  below  the  root  zone  in  reconstructed 
profiles . 
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APPENDIX  A 


ENGLISH  TO  METRIC  CONVERSIONS 


' 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 


A  dual  system  of  measurem 

ents — English  units  and  the  International  System 

(SI)  of  metric  units — is 

given  in  this  report.  SI  is  a  consistent  system 

of  units  adopted  by  the  Eleventh  General 

Conference  of  Weights  and 

Measures  in  1960.  Selected  factors  for 
units  arc  given  below. 

converting  English  units  to  SI 

Multiply  English  Units 

BX 

To  Obtain  SI  Units 

Inches 

25.40 

millimeters  (mm) 

2.54 

centimeters  (cm) 

0.254 

decimeters  (dm) 

0.0254 

meters  (m) 

Feet 

0.3048 

meters  (m) 

Square  Feet 

0.0929 

square  meters  (m  2) 

Miles 

1.609 

kilometers  (km) 

Pounds 

453.60 

grams  (g) 

Ton 

0.9072 

tonne  (t) 

Acres 

0.4047 

hectares  (ha) 

0.004047 

square  kilometers  (km^ ) 

Square  miles 

2.590 

square  kilometers  (km?) 

Cubic  inches 

16.39 

cubic  centimeters  (cm?  ) 

Gallons 

.003785 

cubic  meters  (nr*  ) 

Acre-feet 

.001233 

cubic  hectometers  (hm3) 

1233.00 

cubic  meters  (m3) 

Feet  per  mile 

0.1894 

meters  per  kilometer  (m/km) 

Inches  per  hour 

2.54 

centimeters  per  hour  (cm/h) 

Feet  per  day 

.3048 

meters  per  day  (m/d) 

Pounds  per  square  inch 

70.32 

grams  per  square  centimeter 

(g/cm2) 

Atmospheres 

1033.27 

grams  per  square  centimeter 

(g/cm2) 

Bars 

1019.78 

grams  per  square  centimeter 

(g/cm2) 

Pounds  per  cubic  foot 

0.01602 

grams  per  cubic  centimeter 

(g/cm3) 

Pounds  per  acre 

1.1206 

kilograms  per  square 
hectometer  (kg/hm2) 

Feet  squared  per  day 

0.0929 

meters  squared  per  day 

(m2/d) 

Cubic  feet  per  second 

0.02832 

cubic  meters  per  second 

(m3/s) 

Gallons  per  minute 

0.06309 

liters  per  second  (1/s) 

Cubic  feet  per  second  per 

0.01093 

cubic  meters  per  second  per 

square  mile 

square  kilometer  /  (m3/s)/kjr 

Cubic  feet  per  day  per 

0.3048 

cubic  meters  per  day  per 

square  foot 

square  meter  (m  /d)/m^ 

Pounds  per  square  yard 

kilograms  per  square  meter 

per  hour 

0.5426 

per  hour  (kg/m  /h) 

Pounds  per  square  foot 

kilograms  per  square  meter 

per  hour 

4.8827 

per  hour  (kg/m2/h) 

Btu  per  pound 

0.556 

kilogram  calories  per  kilo¬ 
gram  (kcal/kg) 

Degree  Fahrenheit 

Tc  =  Tf-32 

1.8 

degrees  Celsius  (°C) 

APPENDIX  B 
GEOLOGY 


_ GEOLOGIC  LOG  OF  PRILL  HOLE 

Rattlesnake  Butte  Study  Area 

feature . Dickiusou  Coalfield 

n«7R  ini  LOCATION  .  .* 

hol£no  P»7e-:oi.  cooaDS  R .  . 

BEGUN  1/10/78.  FINISHED.  .  .  1/24/ 78  DEPTH  OF  OVERBURDEN 


SHEE  T 


1 


OF 


.  project  .  EHRIA 
GROUND  ELEV 


Ha..  ZZ .  STATE.  .  North  Dakota 

.  .  .2662±.  .  .  .  dip  'ancl  t  yrt-Mt  HORtz.)  ■  90° 

.  depth.  .  Z05.‘Z'.  bearing.  Vertical 


Not  .available  * 


Weisser 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING  CEMENTING. 
CAVING  AND  OTHER 
DRILLING  CONDITIONS 


Drill  Rig 

Damco  1250  truck 

mounted 


Marvel  Hermans on 

Method 
0-2. 1  *  continuous  B 
drive  sample. 

1-30'  continuous 


BX  drive  rotation 
amples.  Reamed  hoL 

with  3h"  dragbit  at 
every  5'  interval 
down  to  30'  (com¬ 
mencing  at  5* ,  etc. 
30-205.2'  contin¬ 


uous  HQ  wireline 
ore  samples. 

Drilling  Conditions 

Poor  core  recovery 
from  30  to  34.1'; 
bit  plugged  and  part 
of  sample  washed 
away.  Poor  core 
recovery  from  91.6 
to  94.1’;  part  of 
sample  washed  away. 
Hard,  well  cemented 
sandstone  from  104 
to  107.7'.  Driller 
noted  core  blocking 
off  in  inner  core 
barrel  from  122.8 
to  124.4' ;  lost  0. 

__  core  sample.  No 
dvxlling  fluid 
return  due  to  mud 
ring  blocking  off 
circulation  from 
144.6  to  154. 7' . 

Poor  core  recovery 
from  168.3  to  205.2 
core  sample  washed 
away. 

Caving  Conditions 

Driller  was  unable 
to  get  water  level 
jasurement  probe 
past  63’  (1/23/78). 
(Hole  caved?) 

Driller  was  unable 
to  get  water  level 

_ :asurement  probe 

past  74.2'  (2/28/78). 
(Hole  caved?) 


SCORE 
LOSS 

CORE 

IRECOVERY 


♦Location: 


LOG  REVIEWFD  BY 


SENTINEL  BUTTE  MEMBER - 


~  PALEOCENE** 


0  -  5.0'  CLAYEY  SANDSTONE:  Light  brown; 
oxidized;  moist;  uncemented  and  friable 
(crumbles  with  light  digital  pressure) ; 
fine  grain;  lightly  ferruginous  stained: 
calcareous;  occasional,  near  horizontal 
(0-5°) ,  laminated  to  thin  shale  inter¬ 
beds;  core  lengths  1  to  5". 

5.0  ~  40.9'  SHALE:  Light  brown  5.0-13.4 
medium  to  dark  gray  13.4-15.0',  reddish  j 
brown  15.0-16.0',  light  grayish  brown 
16.0-30.0',  light  gray  30.0-40.9'; 
oxidized  down  to  30.0';  moist;  firm,  ; 
trims  easily  with  knife;  plastic;  occa-  ■ 
sional  white  gypsum  stringers  to  1/4" 
thick  at  random  orientation  5.0-20.0';  ; 
lightly  ferruginous  stained  5.0-13.4',  • 

moderately  ferruginous  stained  15.0- 
16.0';  near  horizontal  (0-5°),  laminated 
bedding  with  occasional  laminated  silt- 
stone  Interbeds;  non-calcareous  with 
lightly  to  moderately  calcareous  silt- 
stone  interbeds;  core  lengths  2  to  24". 

13.4  -  15.0'  -  Carbonaceous  zone;  dark j 
gray,  brittle  14.5-15.0',  numerous 
slickensides . 

15.0  -  18.8'  -  Silty  shale;  numerous  ! 
laminated  siltstone  interbeds,  ferru¬ 
ginous  streaks. 

28.5  -  29.0'  -  Four  (4)  laminated  lig¬ 
nite  interbeds. 


38.2'  -  Clayey  sandstone;  fine 
uncemented  and  friable. 


37.0  • 
grain 

38.7  -  40.2'  -  Air  slacks. 
40.9  ~  46.7'  SILTY  SANDSTONE 


Light 


gray;  moist;  uncemented  and  friable 
(crumbles  with  moderate  digital  pressure 
compact;  fine  grain;  near  horizontal 
(0-5°),  laminated  bedding;  non-calcareous 
core  lengths  1  to  18". 

43.7  -  44.4'  -  Numerous,  near  horizon¬ 
tal  (0-5°) ,  laminated  lignite  inter¬ 
beds  . 

46.4  -  46.7'  -  Lignitic  shale;  dark 
gray. 

46.7  -  53.8'  LIGNITE:  Black;  moist; 


hard;  brittle  and  badly  broken  in  upper 
portion. 

53.8  ~  67.0'  SHALE:  Light  gray;  moist;  | 
firm,  trims  easily  with  knife;  near  hori¬ 
zontal  (0-5°)  ,  laminated  bedding  with 
numerous,  laminated  to  thin  siltstone 
interbeds;  trace  of  laminated  lignite 


and  90'  E.  of  1^1  Corner  Section  32,  T. 


140  N. ,  R.  98  W. 


Appro*  sue  of  help  (X-senes' 
Approx.  six#  of  core  (X-series)  E* 

Oufs.de  die.  of  coeing  (X-ser.es)  |* 
of  casing  (X-series) 


Pocher,  Cm 
-  1-12” 

-  7/8” 

-  1-13  16” 

=  i-i  fr\ 


nd,  H  «  Haystelltte,  S  = 
Cemented,  Cs  ■ 

*  =  1-7  '8".  I 

*  =  1-1/8".  i 

*  -  2-1/4”,  I 

*  =  1-29/32”, 


of,  C  —  Churn 
ttom  of  cosing 

*  2-3/8".  N*  -  3” 
-1-5/8”.  N*  -2-1/8; 

*  2-7/8”,  N*  =  3-f/2 
-  2-3/8”,  N*  -  3" 


**  FT.  UNION  FORMATION 


Rattlesnake  Butte  Study.  Area  project  .  No.  22  state  N-  Dak‘  •  SHEET 

Dickinson  Coalfield 


Plate  12 


" Rat tTe snake 'Butffe  Study-Area 
Dickinsqn  Coalfield  . 


GFOLOGIC  LOG  OF  DRILL  HOLE 


SHEET. 


I. 


OF. 


project  EHRIA 

.  GROUND  ELEV. 


BEGUN  ..  ^/^P/7®  .  FINISHED  ^/?V7.®  .  DEPTH  OF  OVER8URDEN 

Not  available.  *. 


.  state.  .  North  Dakota  . 

DIP  fANGLIi  FROM  HORIZ  )  90° 

DEPTH  -  •  ?Q5. 2.'.  BEARING . Vertical 


No-.  22.  . 

.  .  2662* 

TOTAL 


R.  .Weisser. 


LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Water  Return 

Depth 
0-56.1' 

56.1- 63.8' 

63.8- 84.0' 
84.0-94.1' 

94. 1- 94.3' 

94.3- 114.3' 

114.3- 122.8' 

122.8- 132.6' 

132.6- 135.6' 

135.6- 144.6' 

144.6- 154.7’ 

154.7- 164.8' 

164.8- 168.3' 

168.3- 176.0’ 
176.0-178.0' 
178.0-185.0' 
185.0-205.2' 

Drilling  Fluid 


63.8-94.3' 

I 

'.94.3-144.6 


144.6-205.2 


Casing  Record 

Casing  IntervJa! 
Size  depth  drilled 

2.5' 


Pulled  upon  hole 
pletion  (2/28/78) 

Progress  Record 

con 

M.’°- 

Date 

A. 

,(78) 

Pep 

th 

W. 

L. 

1/10 

0-25' 

— 

1/11 

25-30' 

17 

.2' 

1/12 

30-84' 

13 

.6' 

1/17 

84-114 

.3' 

64 

.1' 

1/18 

114.3- 

144.6' 

,s»- 

1/19 

144.6- 

164.8 

78 

.5' 

1/20 

164.8- 

174.9 

13 

4.2' 

1/23 

174.9- 

185' 

nc 

t 

a\ 

ail- 

at 

le* 

1/24 

185-205.2' 

12 

5.¥r 

♦Unable  to 

get  watei 

level  measurement 
probe  past  63'. 


—  53.8  -  67.0'  SHALE:  (cont.) 

interbeds;  slightly  calcareous;  core 
lengths  2  to  24". 

55.5  -  57.5'  -  Air  slacks;  45°  joint 
at  56.0'. 

59.5  -  60.7'  -  Near  vertical  lignite 
inclusions . 

65.1'  -  70°  slickensided  joint. 

67.0  -  80.0'  SILTSTONE:  Light  gray; 
moist;  firm,  trims  easily  with  knife; 
massive  with  numerous,  near  horizontal 
(0-5°),  laminated  to  thin,  medium  gray 
shale  interbeds;  trace  of  laminated  lig¬ 
nite  interbeds;  calcareous;  core  lengths 
2  to  10". 

80.0  -  87.8'  SHALE:  Medium  gray;  moist; 
firm,  trims  easily  with  knife;  near 
horizontal  (0-5°),  laminated  bedding 
with  numerous,  laminated,  light  gray 
siltstone  interbeds;  air  slacks;  cal¬ 
careous;  core  lengths  2  to  24". 

86.1  -  86.2'  -  Hard,  tan  limestone 
(can  be  scratched  with  knife). 

87.5  -  87.8'  -  Dark  gray,  carbonaceous. 

87.8  -  90.5'  LIGNITE:  Black;  moist; 
hard;  brittle  and  broken. 

103.4'  SHALE:  Medium  gray;  moist; 
firm,  trims  easily  with  knife;  laminated 
bedding,  near  horizontal  (0-5°)  90.5  - 
95.1',  low  angle  (5-10°)  cross-bedding 
95.1  -  103.4';  numerous  laminated  to 
thin  siltstone  interbeds;  siltstone 
interbeds  becoming  sandy  95.1  -  103.4'; 
occasional  lignite  inclusions;  calcar¬ 
eous;  core  lengths  3  to  12". 

103.4  -  122.9'  SANDSTONE:  Light  gray; 
moist;  uncemented  and  friable  (crumbles 
with  light  digital  pressure)  103.4  - 
104.5'  and  107.7  -  122.9';  well  cemented 
and  hard  (can  be  scratched  with  moderate 
knife  pressure)  104.5  -  107.7';  fine 
grain;  silty;  bedding  not  readily  dis¬ 
cernible  103.4  -  104.5'  and  107.7  - 
122.9';  low  angle  (10-15°),  laminated 
cross-bedding  104.5  -  107.7';  calcareous 
core  lengths  4"  to  4'. 

122.9  -  132.6'  SHALE:  Medium  gray; 
moist;  firm,  trims  easily  with  knife; 
near  horizontal  (0-5°) ,  laminated  bed¬ 
ding  with  occasional,  laminated,  light 
gray  siltstone  interbeds;  fissile  in 
places;  trace  of  lignite  inclusions;  air 
slacks;  55°  joint  at  128.6';  non- 
calcareous  with  calcareous  siltstone 

— T.“5 - 


98  W. 


Rattlesnake  Butte  Study  Area 
Dickinson  Coaifieid 


PROJECT  No. 


STATE  .  N.-  Pak*  SHEET 


.2  ,  of  .  .3.  .  hole  no  DH78.-.10.1. 


Rattlesnake  Butte  Study  Area 

feature  Dickinson  Coalfield . 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET  .  .  .3  .  .  OF.  . 


,  DH78-101  location . . 

. COORDS.  N .  E . 

1/10/78  finished  X/24/78  depth  of  overburden 


EMRIA  No.  22 . STATE.  .  .  .N.°.rt.h.  Dakota 

GROUND  ELEV . . DIP  (ANGLE  FROM  HORIZ  )  90° 

- .  DEPTH..  ?95<r...  BEARING . Vertical . 


LOGGED  BY.  .-  .kr.  VeiBfer .  LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


Hole  Completion 
Hole  left  open  for 
water  level  measure 
ments.  Upon  comple¬ 
tion  of  water  level 
measurements  hole 
was  backfilled  with 
concrete  to  3'  from 
surface  and  sealed 
with  a  clay-bentoni 
mixture  from  3'  to 
original  ground 
(2/28/78). 

Water  Levels 


♦Not  available; 
unable  to  get  wate 
level  measurement 
probe  past  74.2' 
(2/28/78). 


MPTH  IFCCTI 


Ub 


-ojjj 

-Jt-u. 


2456.8 


205.2  - 
T.D. 


132.6  -  149.9'  LIGNITE:  Black;  moist; 


hard ; 

144 

149.9 


_ 165.3'  SHALE:  Medium  gray; 

moist;  firm,  trims  easily  with  knife; 
near  horizontal  (0-5°),  laminated  bed¬ 
ding  with  occasional,  laminated,  light 
gray  siltstone  interbeds;  fissile  in 
places;  air  slacks;  trace  of  lignite 
inclusions;  60°  joint  at  150.4';  non- 
calcareous;  core  lengths  4"  to  2.5'. 

165.3  -  205.2'  SANDSTONE:  Poor  core 


recovery  (samples  washed  away);  medium 
gray;  wet;  uncemented  and  friable 
(crumbles  with  light  digital  pressure); 
medium  to  predominantly  fine  grain; 
silty;  bedding  not  readily  discernible; 
numerous  laminated  sandy  shale  interbeds 
165.3  -  166.8';  trace  of  laminated  car¬ 
bonaceous  interbeds;  slightly  calcareous 
core  lengths  of  recovered  core,  loose 
to  14". 


Bottom  of  Hole  -  205.2' 


brittle. 

6  -  145.9' 


Shale;  dark  gray. 


r 


EXPLANA  TION 

♦Location:  550'  S.  and  90'  E.  of  W^  Corner  Section  32,  T.  140  N.,  R.  98  W. 


Type  of  hole  . 
Hole  sealed  •  ■ 
Approx,  me  ol 
Approx.  *ixe  ol 
Outside  dia.  of  ■ 
Inside  dia.  of  cc 


>ole  (X-seri 
ore  (X-.eri 
os.ng  (X-s« 
sing  (X-  ter 


Diomond,  H  -  Hoystell Ite,  S  -  Shot.  C  =  Chi 
Packer  Cm  -  Cemented,  Cs  «  Bottom  ol  cos 
Ax  =  1-7/8”,  B*  =  2-3/8”, 

A*  =  1-1/8”,  Bx  -1-5/8” 


1-1/2’ 

)  .  .  Ex  =  7/8”, 

>s) .  E*  =  1-13/16' 
).  .  Ex  =  1-1/2”, 


Bx  =  2-7/8",  Nx  -  3-1/2" 
Bx  =  2-3/8”,  N*  -  3” 


Rattlesnake.  Butte. Study. Ape?. 
Dickinson  Coalfield 


.EHH1A  .No...  .2.2  .  state  .  .N-.  .Dak-. 


.  OF  -  .3  ■  HOLE  NO 


Dtplh  on  logs  in  foot. 

Multiply  f««t  by  0.3048  to  obtoln  motor*. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  78-101 


GEOLOGY _  R.WEIjiSER 

DRAWN  _ 

CHECKED_ _ 


FIELD  A  PPROVAL_ 

TECH.  APPROVAL _ 

A P PROVED _ 


BILL  IN GS,MONTANA  FEBRUARY  1981 

SREET  I  OF  I 


1  1305-600-255 


- Rattlesnake  Butte  ;>t uav  Area 

FEATURE  DAcRlRapn.  .QO«lf }?14 . PROJECT 

HOLE  HO  BH78-102  COCATIOH.  *  . 

M0LE  N0 . COOROS.  “  E . 

SEGUH  -  ■  A/.26/7-8  .  FINISHED- 


GEOLOGIC  LOG  OF  DRILL  HOLE 

EMRIA 


DEPTH  OF  OVERBURDEN 


.  WM  7.8. 

,  5.5.0'  ,(2577i).  2/28/78 


No.  22 . state.  .  .  NPTth  .Dakota  . 

GROUND  ELEV . Wit . DIP  (ANGLE  FROM  HORIZ  )  - ?*>  . 

DEPTH.  .  •  BEARING. . 


LOGGED  BY 


.  R, . Weisser.  . 


LOG  REVIEWED  BY 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


Damco  1250  truck 
mounted 


Marvel  Herman son 
Method 


0-1 . 5 '  continuous  B[ 
drive  sample. 

1,5-2. 5'  4-7/8”  dra  5- 


bit  wash  sample. 
2.5-35'  continuous 


BX  drive  rotation 
samples.  Reamed  hoi  ! 
with  3Y'  dragbit  at 
every  5'  interval 
down  to  35'  (com¬ 
mencing  at  5',  etc. 
35-245.6'  continuou  1 


HQ  wireline  core 
amples. 

Drilling  Conditions 


H 


No  caving  noted. 
Driller  noted  drill 
core  compressed  0 
from  10  to  15' .  Har  1 
limestone  encoun¬ 
tered  from  33.5  to 
33.7';  unable  to 
recover  core  sample 
from  33.7  to  35' . 

Lost  core  sample 
from  61.3  to  63.8' 
and  recovered  1.3* 
on  second  attempt. 
Lost  bottom  2.1'  of 
core  sample  from 
63.8  to  71.9'  inter¬ 
val;  unable  to 
recover.  Poor  core 
recovery  from  174.9 
to  245.6';  sample 
washed  away. 

Casing  Record 

Casing  Interfi 
Size  depth  drill' 


0-2.5 
5"  2.5'  2.5-24 

Pulled  upon  hole  col 
pletion  (2/28/78). 

Progress  Record 


Date 
(78)  Depth 
1/26  0-35' 

1/27  35-53.7' 

1/31  53.7-82' 

2/1  82-134.5' 

2/2  134.5-144.6' 


:5s 


minius  ) 
lignite  ) 
(86. 9-B8.9) 


SENTINEL  BUTTE  MEMBER — 


PALEQCENE  ** 


48.7'  SHALE:  Reddish-brown  0-35.0 
medium  gray  35.0-48.7';  oxidized  down  to 
33.7';  moist;  firm,  trims  easily  with 
knife;  ferruginous  stained  0-33.7'; 
occasional  white  gypsum  stringers  to 
1/8"  thick  along  bedding  planes  and 
inclusions  to  1/2"  thick  from  0  to  29.1' 
near  horizontal  (0-5°) ,  laminated  to 
thinly  bedded  with  numerous  laminated  to 
thin  siltstone  interbeds;  trace  of  lig¬ 
nite  inclusions  to  1/4"  thick;  air 
slacks  30.0-48.7';  non-calcareous ;  core 
recovered  mostly  in  0.5  to  1.5'  seg¬ 
ments,  2.1'  maximum. 


0  -  1.5' 


Calcareous. 


7.5  -  9.1'  -  Sandy  siltstone,  light 
brown. 


27.8'  -  Sandy  siltstone,  light 
silty  sandstone  from  26.8  to 


Hard,  ferruginous 


24.2  - 
brown; 

27.3'. 

33.5  -  33.7' 
cemented. 

33.7  -  35.0'  -  No  core  recovery. 

41.8'  -  60°  joint. 

41.9  -  45.3'  -  Plastic,  fissile. 

46.0  -  48.7'  -  Bedding  dips  5-10°. 

48.7  -  60.8'  LIGNITE:  Black;  moist;  hare 


57.3  -  58.2'  -  Lignitic  shale;  dark 
gray;  moist;  firm,  trims  easily  with 
knife;  plastic;  fissile. 

60.8  -  64,6'  SHALE:  Medium  gray;  moist 


firm,  trims  easily  with  knife;  trace  of 
lignite  inclusions  to  1/2"  thick;  near 
horizontal,  laminated  to  thinly  bedded 

with  numerous  laminated  to  thin,  light 
gray  sandy  siltstone  interbeds,  number 
of  interbeds  increase  with  depth;  non- 
calcareous  with  slightly  calcareous 
interbeds;  core  recovered  mostly  in  0.2 
to  0.3'  segments,  0.7'  maximum. 

60.8  -  61.6'  -  Moderately  plastic. 

I  64.0  -  64.2'  -  Silty  sandstone, 
uncemented . 

164.6  -  83.0'  SANDY  SILTSTONE:  Light  to 


tedium  gray;  moist;  firm,  trims  easily 
ith  knife;  massive  with  numerous  1am- 
|inated  to  thin  shale  and  sandstone  inter- 
eds,  low  angle  (5-15°)  cross-bedding; 
:alcareous;  core  recovered  mostly  in  0 
n  1.1'  npampntfl  3  4'  maYlmnm  — 


♦Locat Ion :  140'  S.  and  700'  W. 


EXPLANATION 

of  NE  Comer  Section  34,  T.  140  N.  , 


,  .  .  o  -  Diamond.  H  -  Hayst*llit*.  S  -  Shot,  C  -  Chorn 

Tjr mm  •<  hal*  p  p  .  Cm  -  C*m*nt*d,  C»  ■  Bottom  o»  cosing 

oZi”.  Ho* il «eoTni  (n.*r..i-  e.  - 1-13/?*”.  -  j-i/4" 

In. id.  dio.  of  coslr»g  (X-»ml 


.  -  1-1/2", 


A.  -  1-29/32” 


,  -  1-5/1”. 
.  -  2-7/8". 
.  .  2-1/S". 


**  FT.  UNION  FORMATION 


Rattlesnake  Butte  Study  Area 
DicVlnson  Coalfield 


PROJECT 


EMRIA  No.  22  .  STATE  .  .*!•.  .  ■  SHEET 


FEATURE  YY?^x^tV  PROJECT 

un,  c  un  DH78-102  location  ground  elev. 

H0LE  N0  COORDS.  N .  E 

BEGUN.  1/26/7?  FINISHED  .  7?  .  DEPTH  OF  OVERBURDEN 


Progress  Record  (ct  nt 


Date 

(78)  Depth  W 
2/3  —  3' 

2/22  144.6-191.1'  1' 
2/23  191.1-215.3'  1' 
2/24  215.3-245.6'  3: 
Note:  Hole  was  not 
bailed  at  end  of 


shift. 

Water  Return 

Depth  7. 

Retun 

0-48.5' 

100 

48.5-53.7' 

0 

53.7-139.5' 

100 

139.5-144.6' 

5 

144.6-245.6' 

100 

Drilling  Fluid 

Depth 

Fluid 

0-53.7' . 

recirc 

lated 

steri¬ 

lized 

Rattlesnake  Butte  Study  Area 
Dickinson  Coalfield 


G EOLOGIC  LOG  OF  DRILL  HOLE 


SHEET 


EMRIA  No..  22  .  . 

2632+ 


.  STATE. 

DIP  'ANGLE  FROM  HORIZ  ) 

.245. .6'.  bearing.  .  Vertical 


North,  Dakota 
90° 


55.0'  (2577+)  2/28/78  logged  by  .  R.  .Wetter  log  reviewed  by 


NOTES  ON  WATER 
LOSSES  ANO  LEVELS. 
CASING  CEMENTING. 
CAVING.  ANO  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


water 
.bentor 
ite  mi  d 


Hole  Completion 


Flushed  hole  clean 
with  900  gallons 
sterilized  water  anc 
bailed  hole  (2/27/7! ) 
Hole  left  open  for 
water  level  measure¬ 
ments.  Upon  comple¬ 
tion  of  water  level 
measurements  hole 
was  backfilled  with 
concrete  from  245.6 
3'  and  clay- 
bentonite  mixture 
from  3'  to  original 
ground  (2/28/78). 

Mater  Levels 


Date 

2/27/78 

2/28/78 


Depth 

66.2' 

55.0' 


o«ptm  (Feet) 


H 


#7 

129.5  1 159.9 

minus 
ligiiite 
131.7-fl33.2l 
arid 

139.5-tl50.9l 


I 


164.3  174.9 


09  i 
174.9  '195 


1 

I 


129.5; 

130- 


j  139.5 
•  ldo 


150 

150.9' 


159.9 

160* 


83.0  -  90. 1'  SHALE:  Light  to  medium 


gray  color  banded;  moist;  firm,  trims 
easily  with  knife;  near  horizontal 
(0-5°),  laminated  to  thinly  bedded  with 
numerous  laminated  to  very  thin,  light 
gray  sandy  siltstone  interbeds;  calcar¬ 
eous;  core  recovered  mostly  in  0.3  to 
0.8’  segments,  1.3'  maximum. 

83.8  -  84.0'  -  Hard,  medium  gray  lime¬ 
stone. 

86.4  -  86.9'  -  Lignitic  shale,  dark 
gray. 

86.9  -  88.9'  -  Lignite,  black;  moist; 
hard. 

90.1  -  112 


SANDY  SILTSTONE: 


Light  to 

medium  gray;  moist;  firm,  trims  easily 
with  knife;  massive  with  numerous,  near 
horizontal  (0-5°),  laminated  to  thin 
shale  interbeds;  trace  of  lignite  inclu¬ 
sions  to  1/2"  thick  from  100.0  to  102.0' 
calcareous;  core  recovered  mostly  in  0.4 
to  1.0'  segments,  2.3'  maximum. 

94.2  -  94.4'  -  Sandstone,  uncemented. 

96.6  -  97.0'  -  Hard,  tan  limestone  wit 
pyrite  crystal  coating  along  vertical 
joint  plane. 

102.2  -  104.2'  -  Low  angle  (10-15°) 
cross-bedding. 

104.2  -  106.4'  -  Silty  sandstone, 
uncemented,  bedding  not  readily  dis¬ 
cernible. 

106.8  -  108.0'  -  Shale,  medium  gray. 

109.6  -  112.8'  -  Shale,  medium  gray. 
129.5'  SANDSTONE:  Light  gray; 


moist;  uncemented  and  friable  (crumbles 
with  light  to  moderate  digital  pressure) 
fine  grain;  bedding  not  readily  discern 
ible;  slightly  calcareous;  core  recovere  I 
mostly  in  0.4  to  1.5'  segments,  2.3' 
maximum. 

121.8'  -  1/2"  lignite  inclusion. 

125.6  -  128.3'  -  Occasional,  near 
horizontal  (0-5°),  laminated  to  thin 
shale  interbeds. 

129.5  -  139.5'  SHALE:  Medium  gray; 


moist;  firm,  trims  easily  with  knife; 
low  angle  (5-10°)  cross-bedding;  lamin¬ 
ated  to  thinly  bedded  with  numerous 
laminated  to  thin  sandy  siltstone  inter 
beds;  trace  of  lignite  inclusions  to 
1/8"  thick;  non-calcareous  with  calcar¬ 
eous  sandy  siltstone  interbeds;  core 


EXPLANA  TION 


♦Location:  140'  S.  and  700'  W.  of  NE  Comer  Section  34,  T.  140  N.  ,  R.  99  W. 


.0  «  Diomond,  H  ■  Hoysl 


Hoi*  **ol*d . 

Appro*.  *i«*  of  hoi*  (X-t*ri*»)  •  • 
Approx,  all*  of  cor*  (X-»*rl**)  •  • 
Out*id*  dio.  of  eating  (X-sarl**)- 
In  lid*  dio.  of  cotlng  (X-»f  ■*«) 


>  Pocker.  Cm  ■  C*m*nt*d,  Ct 
,  -  1-1/2”,  A*  =  1-7/8”, 

,  <*  7/8".  A*  =  1-1/8”, 

«  =  1-13  16”,  A«  -  2-1/4”, 

,  =  1-1/2”,  A*  *  1-29/32". 


,  s  ■  Shot,  C  «  Churn 
«  Bottom  of  co 
Bx  -  2-3/  8”, 

Bx  -  1-5/8”, 

B<  =  2-7,8”, 

Bx  -  2-3/8”. 


.  -  3" 

«  -  2-1/8” 
«  -  3-1/2” 


RappiesoBke.  Butte  Study  .Arw 

Dickinson  Coalfield 


.  PROJECT  .  .?MRIA.J?0,  .22.  STATE  ,  SHEET  . 


. ,PN79ri02. 


Plate  13 


Rattlesnake  Butte  Study  Area 

feature  .  .pic.KiA8.°.n.  .Coa.lfie.14 . 

DH78-102  location.* . 

COORDS.  N . 

A/2.6/.78  finished.  .  7/?4/7?. 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET 


OF 


HOLE  NO. 


BEGUN 


.  GROUND  ELEV 

E .  TOTAL 

OEPTH  OF  OVERBURDEN .  DEPTH 


No..  22 . STATE . North  .Dakota  . 

26321.  .  pip  ( ANGLE  FROM  HORIZ  )  9°°  -  ■  - 

245 r 6'..  bearing . vertical 


^E^EVA^D^nE^ErS^D.  .  55,  0/  (2577+)  2/28/79.  LOGGED  BY  .  V*l***T 


LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  ANO  LEVELS. 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


174.9  -  217.7'  SH&E: 


2b' 


206J.0  - 

2081.6  - 
and'  gastr 

2 1 2  L  5 ' 
217.7!  -  245 


recovery 
and  friable 
tal  pfresaurp 
fine  grain; 
carbohaceou 
and  numerou 
inter jeds 


ledium 


224.8 
224.8 
lengths  of 
0.2  t)  0.8 


Occasions . 
iell  f ragme 


si Lckens  Lded 


*ray; 


(crunnles 
);  medium 
silty;  occa 
inte  rbeds 
lami lated 


pping 


isiona  .  shal 
j .  6 ' ;  ion- 


5-10° 


segments,  1 

)4 . 7' 


pelecy 
its 


joint . 


6'  SANDSTONE:  P >or  cor£ 
mcemei 
ILght  di 5 
iominanp 
lamin 
g  10- 
n  shalp 
217.7 
irbeds 
ius;  co 
itly  in 
ximum, 


Shal 


>f  Hoi  >  -  2  >5.6 


217.7 

220- 


pod 


129.5  -  139.5'  SHALE:  (cont.) 
recovered  mostly  in  0.2  to  1.0'  seg¬ 
ments,  2.1'  maximum. 

131.7  -  133.2'  -  Lignite,  black; 
moist;  hard. 


Sandy  siltstone. 
Silty  sandstone. 


to 

from 

re 


133.3  -  133.8' 

135.2  -  135.5' 
uncemented . 

136.3  -  136.7'  -  Silty  sandstone, 
uncemented. 

139.5  -  150.9'  LIGNITE:  Black;  moist; 
hard. 

149.5  -  150.4'  -  Shale,  medium  gray, 
fissile,  air  slacks. 

150.9  -  159.9'  SANDY  SHALE:  Medium 
gray;  moist;  firm,  trims  easily  with 
knife;  near  horizontal  (0-5°) ,  lamin¬ 
ated  to  thinly  bedded  with  occasional 
laminated  sandstone  interbeds;  trace  of 
pyrite  crystals  to  1/2"  thick;  non- 
calcareous;  core  recovered  mostly  in 
0.2  to  0.8'  segments,  1 . 3'maximum. 

152.5  -  158.5'  -  Silty  sandstone, 
uncemented,  numerous  laminated  lig¬ 
nite  interbeds  dipping  5-15°,  non- 
calcareous  . 


Black;  moist; 


159.9  -  164.3'  LIGNITE: 

hard . 

164.3  -  174.9'  SILTY  SANDSTONE :  Medium 
gray;  moist;  uncemented  and  friable 
(crumbles  with  light  to  moderate  digi¬ 
tal  pressure);  fine  grain;  near  hori¬ 
zontal  (0-5°) ,  laminated  to  thinly 
bedded  with  numerous  laminated  to  thin 
shale  interbeds  and  laminated  ligrtite 
interbeds  dipping  5-10°;  calcareous; 
core  recovered  mostly  in  0.4  to  1.3' 
segments,  2.5'  maximum. 

174.9  -  217.7'  SHALE:  Medium  gray; 


moist;  firm,  trims  easily  with  knife; 
moderately  plastic;  near  horizontal 
(0-5°),  laminated  to  thinly  bedded;  air 
slacks;  non-calcareous;  core  recovered 
mostly  in  0.8  to  1.2'  segments,  3.5' 
max imum . 

182.5  -  183.4'  -  Carbonaceous,  dark 
gray. 

186.4  -  187.7'  -  Silty  sandstone, 
uncemented. 

191.1  -  191.3'  -  Hard,  tan  limestone, 
(continued  at  left) 


E  X  PLANA  TION 


♦Location:  140'  S.  and  700'  W.  of  NE  Comer  Section  34,  T.  140  N.,  R.  99  W. 


Typ*  of  hoi* . 

Hoi*  s*ol*d . 

Approx,  ill*  ol  hoi*  (X-sari**)  . 
Approx,  six*  ol  cor*  (X-s*fl*s)  . 
Outsld*  dio.  ol  cosing  (X-s*ri*s 
Insid*  dio.  ol  cosing  (X-s*fl*s). 


D  •  Diamond,  H  ■  Hoyst*llit*.  S  -  Shot,  C  -  Churn 
.  P  -  Pack *r,  Cm  -  C*m*nt*d,  Cs  -  Bottom  of  cosing 
Ex.  1-1/2”,  a*  -  1-7/8".  B»  -  2-3/8”.  N.  -  3 

Ex  -  7/8”,  A*  -  1-1/8”,  Bx  -  1-5/8  ,  Nx  -  2-1/8  f 

.  Ex  •  l-13/l6",  A*  -  2-1/4",  8*  ■  2-7/1",  N*  -  3-1/2 

Ex  -  1-1/2",  Ax  -  1-29/32”,  B»  -  2-3/8”,  N*  -  3” 


Rattlesnake  Butte  Study.  Area 
Dickinson  Coaifield 


.  PROJECT  .  .EHRIA  No.  ,22  .  STATE  . 


..  D«K-.  . 


A.  .  OF  .  A.  .  MOLE  NO 


,W79t107. 


Oopth  on  logi  In  foot. 

Multiply  fool  by  0.3048  to  obtoin  motor*. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  ANO  POTENTIAL  RECLAMATION  EVALUATION 

rattlesnake  butte  study  area 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  OH  78-102 


GEOL OGY_  L.PA  RJSJi _  FIELD  APPROVAL^ 

DRAWN _  TECH  APPROVAL _ 

CHECKED_ _  A  P  PROVED _ 


BILLINGS.MONTANA  FEBRUARY  1981 

SHEET  I  OF  I 


|  1305-600-256 


I 


Plate  14 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Drill 

Failing  1500  truck- 
mounted. 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  .X.  .  .  OF.  .  .  3. 


Rattlesnake  Butte  btuay  Area 

FEATURE  Dickinson- Coalf laid . PROJECT. EMRIA. No.  .22 . state.  -North  .Dakota  . 

ijm.  p  y*  DH79- 103 location.  .  750.'.N,  . 6.50.E,  of  S.V.  . 

hole  no.  w/7.  t-v?  corner.  Sec. .  26. .  T.  141.  N. ,  R,  9$. V.CR0UND  ELEV  26 15? 4 . dip  c ancle  from  horiz  )  Vertical 

begun  ...  Irl8r79.  finished.  .  depth  of  overburden  ..  2.0'  depth.  .. .  bearing . 


See  Notes  logged  by.  ?erlsh . log  reviewed  by. 


Method 


Bx  casing  drive 
samples  0-10' . 
Fishtail  wash  10-11 
Hq  wireline  core 
11-194.5’.  Water 
used  as  drill  fluid 
Losses  noted  below: 

Depth  X  Los 8 
11-44.5’  30-40 

44.5- 124.5'  20-30 

124.5- 194.5'  3G-4C 

Casing  Record 

None  used. 


Progress  Record 

Depth  Date 
0-10'  1-18-79 

10- 11'  1-19-79 

11- 44.5'  1-22-79 

44.5- 124.5'  1-23-79 

124.5- 194.5’ 1-24-79 
Backfilled  1-25-79 


Hole  Completion 

Hole  backfilled 
with  concrete 
1-25-79. 


Water  Levels 
Taken  before  hole 
was  completed. 


nCORE 
□  loss 

I  CORE 
RECOVERY 


rr  .1  h* 
lolo  loot* 


Appro,  ilia  tl  co f#  (X-xor 
Out*. do  dlo.  ol  cooing  (X-x 
Inoido  dip.  o<  cooing  (X-oo 


EXPLANA  TION 


D  ■  Diamond.  H  ■  Hayxtxlllto,  S  •  Shot,  C  •  Churn 
P  ■  Packor,  Cm  -  Comonlod.  Co  »  Bottom  ol  cooing 
Ex  -  1-1/2”,  Ax  •  1-7/8”,  Bx  -  2-3/8”,  Nx  -  3" 

E.  -  7/8”,  A,  .  1-1/8",  Bx  -  1-5/8”,  Nx  -  2-1/8" 

Ex  —  1-1 3/1#".  A«  -2-1/4”,  B.  -  2-7/8”.  Nx  -  3-1/2" 

E>  -  1-1/2",  A,  .  1-29/32".  B.  -  2-3/8".  Nx  -  3" 


SENTINEL  BUTTE  MEMBER - PALEOCENE** 

8-10.0'  SANDSTONE  and  SHALE:  highly 
weathered;  light  grayish  brown  with 
rusty  areas;  moist;  soft;  loose  to  crumb 
ly;  appears  lensey  with  alternating 
layers  of  fine  grained,  uncemented  sand¬ 
stone  and  sandy  shale;  weak  to  moderate 
HC1  reaction;  bedding  nearly  horizontal; 
core  lengths  to  1". 

0-2.0'  TOPSOIL  -  dark  brown. 
10.0-13.5'  CLAYEY  SANDSTONE:  grayish 
brown  with  some  rust  stains;  moist; 
uncemented;  soft;  cuts  easily  with  knife 
fine  grained;  weathered;  about  half  clay 
no  HC1  reaction;  bedding  nearly  horizon¬ 
tal;  core  lengths  to  4". 

12.0-12.8'  Three  joints  -  2  nearly 
vertical  and  1  dipping  about  45°; 
all  rust  stained. 

13.5- 17.0'  SHALE:  grayish  brown;  moist; 
soft;  cuts  easily  with  knife;  weathered; 
plastic;  no  HC1  reaction;  bedding  not 
discernible;  core  lengths  to  6". 
17.0-18.5'  ?  COAL :  poor  recovery;  most 
washed  away;  weathered  to  almost  a  black 
powder. 

18.5- 40.0'  SHALE:  grayish  brown  grading 
to  gray  below  34';  moist;  soft;  cuts 
easily  with  knife;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  24". 

20.0'  Slickensides  dipping  60°. 
24.5-24.8  Carbonaceous. 

25.0'  Slickensides  dipping  45°. 
27.0'  Joint  -  possibly  slickensided 
rust  coated  and  lined  with  gypsum 
crystals;  dips  80°. 

28.5'  Joint  -  rust  stained;  dip9 
70°. 

35.0'  Joint  -  dips  45°. 

40.0-55.0'  SANDY  SHALE:  medium  gray; 
moist;  soft;  cuts  easily  with  knife; 
scattered  sandy  zones  and  clayey  sand¬ 
stone  lenses  ranging  to  18"  thick;  no 
HC1  reaction;  bedding  nearly  horizontal; 
cere  lengths  to  12". 

55.0-57.5'  CALCAREOUS  SANDSTONE:  light 
gray;  dry;  cemented;  hard;  fine  grained; 
micaceous;  strong  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 

57.5- 67.5'  CLAYEY  SANDSTONE:  poor  recove 
top  part  washed  away;  medium  gray;  moist 
uncemented;  soft;  cuts  easily  with  knife 
fine  grained;  no  HC1  reaction;  bedding 
nofdiscemible ;  core  lengths  to  12". 

67.5- 76.0'  SHALE:  medium  gray;  moist; 
soft;  cuts  easily  with  knife;  plastic; 
no  HC1  reaction;  bedding  nearly  horizont 

core  lsagLhs,  .lq.  3Q". 


**  FT.  UNION  FORMATION 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  2.  .  .  .  OF.  .  3.  . 


tu  study  Area 

FEATURE  .Dlc.kiAS.qrL  .Coalfield, . PROJECT.  .  .EMRIA  Hq..  22. . STATE.  North.  Dakota.  . 


HOLE  no.  .DH79-:103  L0CAT,0N -750 '.  .N..  .&  .50'.  E-  of  -S..W . 


BEGUN  . I— 1 9—  79  . 


Comer  -Sea.  .26 r  -T.-  -141  -N . R..  93  W 

FINISHED.  - 1-25-79  DEPTH  OF  OVERBURDEN 


GROUND  ELEV.  .2615'-  —  •••••••  DIP  (ANGLE  FROM  HORIZ  )  Verti-C-al 

a  TOTAL 

2.0' .  DEPTH.  194.- 5'.  •  BEARING . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


I 


89 


OfPTM  (FEET I 


Al  . 

134. 


08 

140. 


09 

154 


010 

176. 


2481. 3 
2480.8 
2479.7 


2461 

2458.5 


2440.3 

2438.3 


130- 

133.7- 

134.2! 

135. 


140- 

140.2 


154  - 
156.5- 


169.5! 

170 


76.0-79.0'  CARBONACEOUS  SHALE:  dark 

gray  to  black;  moi9t;  plastic;  air 
slakes;  numerous  pyrite  nodules  in 
bottom  foot;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  6". 

77.5'  Joint  -  dips  60°. 

79.0-90.0'  COAL:  brownish  black;  hard; 


brittle. 

90.0-92.5'  CARBONACEOUS  SHALE:  black; 


moist;  firm;  reasonably  hard  to  trim 
with  knife;  plastic;  air  slakes; 
numerous  low  angle  slickensides;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  18". 

92.5-105.0'  SANDY  SHALE:  light  gray; 


moist;  soft;  cuts  easily  with  knife; 
some  crossbedding  in  sandy  zones;  no 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  12". 

105.0-133.7'  SANDSTONE:  light  gray; 


moist;  uncemented;  very  soft  and  crumbly 
fine  grained;  below  126'  it  contains 
very  numerous  carbonaceous  or  coaly 
9tringer9  and  layers  of  fossilized  plant 
material,  most  lie  at  angles  between 
20°  and  horizontal;  no  HC1  reaction; 
bedding  not  discernible;  core  lengths 
to  18". 

133.7-134.2'  COAL:  black;  soft;  earthy; 


broken. 

134.2-135.3' 


CARBONACEOUS  SHALE:  black; 


moist;  firm;  reasonably  hard  to  trim 
with  knife;  plastic;  air  slakes;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  4". 

135.3-140.2'  BENTONITIC  SHALE:  light 


greenish  gray;  damp;  firm;  hard  to  trim 
with  knife;  plastic;  feels  soapy;  weak 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  24". 

140.2-154.0'  SHALE:  medium  to  dark  gray: 


174.7- 

176. 


iHO-p  Z  I 
181 


194.5! 


damp;  firm;  fairly  hard  to  trim  with 
knife;  no  HC1  reaction;  plastic;  some 
air  slaking;  bedding  nearly  horizontal; 
core  lengths  to  18". 

146.0-146.8'  Carbonaceous  zone. 

148.0-150.0'  Carbonaceous  zone. 

151.0'  Joint  dipping  60°. 
154.0-156.5'  CLAYEY  SANDSTONE:  medium 


gray;  moist;  unceniented;  crumbles  easily 
fine  grained;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  24". 
156.5-169.5'  SHALE:  medium  gray;  moist; 


soft;  cuts  fairly  easily  with  knife;  no 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  24". 


Typ*  o 
Holx  I 


Approx.  iix< 
Outildi  dio. 


EXPLANA  TION 


. D  ■  Diomond,  H  a  Hoyilxlllto,  S  a  Shot,  C  a  Churn 

. . P  ■  Poekor,  Cm  a  Cemented,  Ce  ■  Bottom  ol  cosing 

ol  holo  (X-xario.)  ■  Ex  »  1-1/2",  Ax  =  1-7/8",  Bx  -  2-3/8”,  Nx  -  3” 

ol  corx  (X-xorlol)  Ex  •  7/8",  Ax  a  1-1/8”,  Bx-  1-5/8”,  Nx  -  2-1/8" 

ol  coxing  (X- eerie.).  Ex  =  1-13/18",  A,  =  2-1/4",  Bx  =2-7/8”.  Nx-  3-1/2" 

I  coxing  (X-.er.ex)  Ex  -  1-1/2",  Ax  =  1-29/32",  Bx  -  2-3/8”,  Nx  -  3" 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


iCORE 
LOSS 

CORE 

RECOVERY 


TYPE 

AND 

SIZE 


Of PTH  ( PCCT ) 


169.5-174.7'  CLAYEY  SANDSTONE:  medium 


gray;  moist ;  uncemented;  crumbles  easil) 
scattered  shaley  zones;  fine  grained; 
no  HC1  reaction;  bedding  nearly  horizon 
tal;  core  lengths  to  24". 

172.3- 172.6'  Numerous  thin  coal 
laminae . 

173.1-173.3'  Numerous  thin  coal 
laminae . 

174.4- 174.7'  Carbonaceous,  shaley 
zone . 

174.7-176.7'  COAL:  brownish  black;  hard 


brittle . 

176.7-181.0'  SHALE:  medium  gray;  damp; 


firm;  reasonably  hard  to  trim  with 
knife;  plastic;  air  slakes;  no  HC1 
reaction;  bedding  nearly  horizontal; 
core  lengths  to  24". 

181.0-194.5'  SANDSTONE:  medium  gray; 
moist;  uncemented;  soft;  crumbles  easily 
fine  grained;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  12". 
188.0-191.0'  Calcareous;  light 
gray;  dry;  very  hard;  strong  HC1 
reaction. 


HoPx  xoolod 
Approx,  xlx* 
Approx,  xlit 
Outxldx  die. 
Inxido  dio.  o 


V>lo  (X-xori 
:or#  (X-xon 
oxing  (X-lc 

(X  »«> 


EXPLANA  TION 


.  .  .  D  —  Diomond,  H  —  Hoyilxlllto,  S  —  Shot,  C  —  Churn 
P  —  Pockor,  Cm  —  Comontod,  Cl  a  Bottom  ol  coxing 

x)  ..  Ex  -  1-1/2",  A.  «  1-7/8”.  Bx  -  2-3/8",  Nx  -  3" 

■)  .  .  Ex  -  7/8”,  Ax  -  1-1/8”,  Bx  -  1-5/8".  Nx  -  2-1/8" 

lot).  Ex  -  1-13/10",  Ax  -2-1/4",  Bx  =  2-7/8".  Nx  -  3-1/2" 

ix).  .  Ex  -  1-1/2",  Ax  -  1-29/32",  Bx  -  2-V8”,  Nx  -  3” 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


Drill 

Failing  1500  truck- 
mounted. 


Driller 
R.V.  Shaw 


Method 


Bx  casing  drive 
samples  0-10'. 

4V  fishtail  wash 
10- 11* .  Hq  wire- 
line  core  11-120'. 
Water  used  as  drill 
fluid.  Losses 
noted  below: 

Depth  ZLoss 

0- 100  0 

100- 120  30 


Casing  Record 
Set  5"  to  10'  1-30 
-79.  Pulled  on 
completion. 


Progress  Record 

Depth  Date 
0-34.5'  1-30-79 

34.5-120'  2-1-79 
Backfilled  2-2-79 


Hole  Completion 

Hole  backfilled 
with  concrete 
2-2-79. 

Water  Levels 


TYPE 

AND 

SIZE 


I 


0 

0  twdsl 


Hq 


Taken  before  hole 
was  completed. 

Depth  Date 

Dry  to  30'  2-1-79 

68'  2-2-79 


I 


05 

68.5 


2652.1 

2652 


,  2630.5 
2629 


2611 

H2609.7 


EXPLANA  TION 


Typ«  of  Sol* . 

Hola  itoltd  ....  ... 

Appro,  me  of  hola  (X-(ari< 
Approx.  of  coro  (X-sarla 

Outsida  dio.  of  coxing  (X-»e 
In  aid*  dio.  of  coting  (X-ien 


"  —  Camentad,  Ca 
Ax  =  1-7/8”, 

A«  =  1-1/8”, 

,  A«  =  2-1/4”, 

Ax  =  1-29/32". 


■  Shot,  C  ■  Chui 

■  Bottom  ol  coti 

B.  =  2-3/8’ 

B<  *  1-5/8’ 

Bx  =  2-7/8’ 

Bx  =  2-3/8’ 


SENTINEL  BUTTE  MEMBER - PALEOCENE** 

0-33.5'  SANDSTONE:  highly  weathered; 

brown;  moist;  uncemented;  loose;  fine 
grained;  poor  recovery-most  washed  away 
weak  to  no  HC1  reaction;  bedding  not 
discernible. 

0-2.0'  TOPSOIL-  dark  brown,  clayey 
sand. 

33.5- 37.5'  CARBONACEOUS  SHALE:  dark  graj 
to  black;  moist;  soft;  cuts  easily  with 
knife;  plastic;  bedding  nearly  horizon¬ 
tal;  no  HC1  reaction;  core  lengths  to 
15". 

37.5- 42.2'  SILTY  SHALE:  light  gray; 
moist;  soft;  cuts  easily  with  knife; 
feels  silty;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  20". 
42.2-43,0'  COAL:  black;  moist;  soft; 
earthy;  contains  numerous  slickensides ; 
badly  broken. 

43.0-54.5'  SHALE:  medium  gray;  moist; 
soft;  cuts  easily  with  knife;  plastic; 
bedding  not  discernible;  no  HC1  reactior 
core  lengths  to  24". 

43.0-44.0'  Carbonaceous;  black. 
44.5'  Joint  dipping  60°. 

54 . 5- 64 ■ 5 1  SANDY  SHALE:  medium  gray; 


moist;  soft;  cuts  easily  with  knife; 
composed  of  about  \  fine  sand;  some 
crossbedding;  no  HC1  reaction;  core 
lengths  to  24". 

64.5-66.0'  SANDSTONE:  medium  gray;  moist 


uncemented;  soft;  crumbles  very  easily; 
fine  grained;  no  HC1  reaction;  bedding 
not  discernible;  core  lengths  to  15". 
66.0-68,5'  SANDY  LIMESTONE:  light  gray; 
dry;  hard;  strong  HC1  reaction;  bedding 
not  discernible;  core  lengths  to  10". 

68.5- 72.0'  SANDSTONE:  medium  gray; 
moist;  uncemented;  crumbles  easily;  fine 
grained;  no  HC1  reaction;  bedding  not 
discernible;  core  lengths  to  12". 
72.0-84.0'  SHALE:  dark  gray;  moist;  soft; 
cuts  easily  with  knife;  plastic;  scattered 
sandy  zones  near  top;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  30". 

84.0-85.3'  COAL:  black;  moist;  soft; 
broken;  earthy;  numerous  slickensides, 
especially  near  top. 

85.3-94.5'  SHALE:  dark  gray;  moist;  soft; 
cuts  easily  with  knife;  plastic;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  36". 

94.5- 103.0'  COAL:  black;  moist;  soft; 
broken;  numerous  slickensides. 


Nx  -  3" 

N.  -  2-1/8" 
Nx  -  3-1/2" 


**  FT.  UNION  FORMATION 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


LOG  REVIEWED  BY 


103.0-111.1'  SHALE:  light  gray;  moist; 
soft;  cuts  easily  with  knife;  plastic; 
no  HC1  reaction;  bedding  not  discernible; 
core  lengths  to  30". 

103.0-104.0'  Carbonaceous;  dark 
gray;  slickensides  dipping  60°. 
104.0-107.0'  Numerous  slickensided 
core  breaks  dipping  60°. 

109.0-111.1'  Carbonaceous;  dark 
gray;  scattered  coaly  zones. 
111.1-113.3'  COAL:  black;  moist;  soft; 
broken . 

113.3-120.0'  SHALE:  gray;  moist;  soft; 
cuts  easily  with  knife;  plastic;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  6". 


FEATURE  Hattie snake  Butte  Study  Area 

Dickinson  Coalfield 


Depth  on  logs  In 
Multiply  f««t  by 


feat. 

0-3048  to  obtoln  malar*. 
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FEATURE 
HOLE 


Failing  1500  truck- 
mounted. 


Method 


Bx  casing  drive 
amples  0-10'. 
Fishtail  wash  10-11* 
Hq  wireline  core 
11-244.5'.  Water 
and  Revert  used  as 
drill  fluid.  No 
water  losses  noted. 

Casing  Record 


None  used. 


Progress  Record 


. . Notes . 


LOGGED  BY- 


LOG  REVIEWED  BY 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

ANO 

SIZE 


DEPTH  ( FEET I 


Depth  Date 
0-101.5'  2-5-79 

101.5- 157.5’  2-6-79 

157.5- 183.0’  2-14-7 
183.0-224.5'  2-21-7 

224.5- 244.5’  2-22-7 

Hole  Completion 


Hole  backfilled 

with  concrete. 

22-79. 

Water  Levels 


Taken  before  hole 
was  completed. 


Depth 

Date 

27.5' 

2-6-79 

46.5’ 

2-14-79 

43.0' 

2-21-79 

47.2’ 

2-22-79 

2544.5 

2541.5 


2535.5 

2534.3 


499.9 

497.2 


SENTINEL  BUTTE  HF?tBER - PALEOCENE** 

0-20.5'  SILTY  SHALE:  tan  to  brown; 

damp;  weathered;  oxidized;  crumbled 
0-10';  cuts  easily  with  knife  10-20.5' 
bedding  not  discernible;  strong  HC1 
reaction  0-10’;  no  HC1  reaction  below 
10' ;  core  lengths  to  5". 

0-2.0'  TOPSOIL  -  dark  brown. 
20.5-23.5'  SANDY  SHALE:  brownish  gray; 


moist;  oxidized;  trims  easily  with 
knife;  numerous  thin  sandstone  laminae 
bedding  nearly  horizontal;  no  HC1 
reaction;  core  lengths  to  18". 
23.5-29.5'  SHALE:  dark  gray;  damp;  firm 


trims  easily  with  knife;  plastic;  air 
slakes;  bedding  nearly  horizontal;  no 
HC1  reaction;  core  lengths  to  12". 
29.5-30.7'  COAL:  brownish  black;  damp; 
brittle. 

30.7- 39.7'  SHALE:  medium  gray;  damp; 
firm;  trims  easily  with  knife;  plastic; 
air  slakes;  bedding  nearly  horizontal; 
no  HC1  reaction;  core  lengths  to  20". 

39.7- 49.2'  COAL:  brownish  black;  damp; 


earthy;  contains  numerous  light  gray 
shale  layers  to  2"  thick;  driller 
estimates  that  25%  of  unit  is  shale. 
49.2-57.1'  CLAYEY  SANDSTONE:  light  gray 


11: 1 


moist;  uncemented;  cuts  easily  with 
knife;  fine  grained;  unit  consists  of 
finely  laminated  layers  of  sand  and 
clay;  bedding  nearly  horizontal;  no 
HC1  reaction;  core  lengths  to  20". 

57, 1-58. 1 '  COAL:  brownish  black;  damp; 


I  brittle. 

158.1-65.1'  SANDY  SHALE:  poor  recovery; 


medium  gray;  damp;  firm;  trims  easily 
with  knife;  bedding  nearly  horizontal; 
no  HC1  reaction;  core  lengths  to  15". 
65.1-67.8'  COAL:  brownish  black;  damp; 


brittle;  woody. 

67.8-77.0'  SANDY  SHALE:  medium  gray; 


damp;  trims  fairly  easily  with  knife; 
numerous  thin,  fine  grained  sandstone 
layers;  bedding  nearly  horizontal;  no 
HC1  reaction;  core  lengths  to  24". 
77.0-144.6'  SANDSTONE:  highly  variable; 


light  to  medium  gray;  damp  to  wet; 
varies  from  uncemented  and  loose  to 
cemented  and  very  hard;  fine  grained; 
some  clayey  laminae  near  top  of  unit; 
bedding  nearly  horizontal  with  some 
crossbedding;  no  HC1  reaction  for  most 
of  unit;  strong  HC1  reaction  in  calca¬ 
reous  cemented  zones ;  core  lengths  to 
24'-'. 

Light  gray,  calcareous  cemented, 

hard  zones  occur  at  the  following 


EXP  LANA  T  I  0  N 


Tjpm  *1  hoi*  • 


D  -  Diomond.  H  -  Hoy*t*IHto,  s  -  Shot.  C  -  Chum 

P  .  Pock.-.  Cm  -  C*m.n.*d,  C.  -BoHom*Jeo..n, 

W-.W- 

i:  =  Ill a!  :  3i".  Zziii-. 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


RECONSTRUCT  Cl 


SOILS  ANALYSIS 
SAMPLE  R 

0EPTM  ( 

FEET) 

FROM 

TO 

18 

95.0 

115.0 

119 

.15.0 

135.0 

no 

135.0 

144.6 

mi. 

L44.9 

159.4 

//12 

L59.4 

172.0 

“  1113 

172.4 

180. ! 

//14 

L80.5 

1 

192.5 

I 


2408 

2405.6 


Itt:! 


170 - - 

lH24*. 


190- 

192.5 


Intervals:  102.0-103.2';  105.0- 
107.0'  and  111.5-113.0'. 
144.6-144.9'  COAL:  brownish  black; 

|  damp;  brittle. 

144.9-157.0'  SHALE:  medium  gray;  damp; 
trims  easily  with  knife;  scattered 
sandstone  lenses  near  bottom;  bedding 
nearly  horizontal;  no  HC1  reaction; 
core  lengths  to  14". 

157.0-159.4'  SANDSTONE:  light  gray; 


moist;  uncemented;  crumbles  easily; 
fine  grained;  bedding  nearly  horizontal 
no  HC1  reaction;  core  lengths  to  10". 
159.4-172.0’  SHALE:  medium  to  dark  gray 


damp;  trims  easily  with  knife;  plastic; 
air  slakes;  scattered  sandy  zones; 
carbonaceous  163.8-164.3'  and  171.5— 
172.0';  bedding  nearly  horizontal;  no 
HC1  reaction;  core  lengths  to  24". 

162.5'  Joint  dipping  45°. 
172.0-172.4'  COAL:  brownish  black;  damp 


brittle. 

172,4-178.0'  SHALE:  medium  to  dark  gray 


with  some  greenish  gray;  moist;  trims 
easily  with  knife;  nearly  whole  unit 
has  a  crushed  appearance  and  is  loaded 
with  slickensides ;  carbonaceous  near 
top;  plastic;  air  slakes;  bedding  not 
discernible;  no  HC1  reaction;  core 
lengths  to  24". 

178,0-180.5'  SANDSTONE:  medium  gray; 


moist;  uncemented;  crumbles  easily; 
fine  grained;  bedding  not  discernible; 
pyrite  nodules  at  top  of  unit ;  no  HC1 
reaction;  core  lengths  to  20". 
180.5-186.0'  SHALE:  dark  gray;  damp; 
trims  easily  with  knife;  plastic;  air 
slakes;  bedding  nearly  horizontal;  no 
HC1  reaction;  core  lengths  to  20". 

181.8'  Joint  dipping  20°. 
186.0-192.5'  SANDY  SHALE:  light  gray; 


damp;  trims  easily  with  knife;  numerous 
lenses  of  sandstone;  bedding  nearly 
horizontal;  moderate  HC1  reaction;  core 
lengths  to  36". 

192.5-223.0'  SHALE:  medium  to  dark  gray; 


damp;  trims  with  some  difficulty;  plas¬ 
tic;  air  slakes;  widely  scattered  sandy 
zones;  no  HC1  reaction  except  in  sandy 
zones-moderate  there;  bedding  nearly 
horizontal;  core  lengths  to  36". 

196.0-196.8'  LIMESTONE  -  light  gray 
dry;  hard. 

221.0-223.0'  Carbonaceous;  nearly 
black. 

- -  223.0-231. 3'  COAL:  black;  moist;  soft; 

broken . 


h  r*  °' 


I  hoi*  (X-R*-* 
I  cor*  (X-»*ri' 
•  dio.  ol  connj  (X-R* 
dio.  of  coting  (X-R  — ■ 


.  D  •  Diomond,  H  -  Hoy*t«llit*.  J 
P  a  Pock*-,  Cm  •  C*m*nl*d,  Cl 
.  E*  *  1-1/2",  A*  =  1-7/8". 

.  E*  =  7/S",  A*  b  1-1/8'', 

Em  =  1-13/18".  A,  =  2.1/4", 

.  e*  =  1-1/2",  A.  =  1-29/32", 


EXPLANA  TION 


«  »  2-3/8", 
«  «  1-5/8", 
«  =  2-7/8", 
«  -  2-3/8", 


8i^4S!8n^fel¥Kl  i-itud-y  Mea 


PROJECT  .  FWlA.Ntf.  .22  STATE  . 


.  hole  no.  .DH79-1Q5  . 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  ANO  POTENTIAL  RECLAMATION  EVALUATION 

rattlesnake  butte  study  area 

DICKINSON  COALFIELD  ~  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  79-105 


Dopth  on  logs  In  feat. 

Multiply  fool  by  0.3048  to  obtoln  motors. 


GEOLOGY  L  PA  R  IS_H  _ 

DRAWN _ 

ChECkEO_ _ 


FIELD  APPROVAL_ 

TECH  APPROVAL _ 

APPROVEO _ 


BILL  INGS.MONTANA  FEBRUA 

SHEET  I  OF  I 


Br  1981  j  1305-600-259 


Plate  17 


GEOLOGIC  LOG  OF  DRILL  HOLE 


FEATURE  . 

HOLE  NO  .  PR7S.-J06 
BEGUN  2.-2.6-79.  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Drill 
Failing  1500  truck- 
mounted. 


Method 


Bx  casing  drive 
amples  0-10' . 
Fishtail  wash  10-11 
Hq  wireline  core 
11-224.5'.  Water 
and  Revert  used  as 
drill  fluid.  Water 
losses  noted  below. 

Depth  Z  Loss 
-2T  0 

1-113.5'  50-70 

13.5-224.5'  70-80 

Casing  Record 


HilSKfEoStHLl—  .  project.  EMRXA.  No..  22 . st.te.  . North  Dakota 

LOCATION.  1500-'  •  S*  &  •  65'w*  of  N.E.  r.pmiMD  flev  .2620.’* . dip  (angle  from  horiz  )  YBFtiCBl . . 

BEARING . . . 


S»-  &  65  w.  of  N.E.  -  -  CR0UND  ELEv 

Corner- €ec%  -  26>- 140- N.  >•  R.  •  98- W.  total 

FINISHED.  3rlr79 . DEPTH  OF  OVERBURDEN  2-D  DEPTH.  224/ P. 


Sea.  Notes . LOGGED  by  Parish. 


LOG  REVIEWED  BY. 


None  used. 


Progress  Record 


Depth  Date 
0-21’  2-26-79 

21-113.5’  2-27-79 
113.5-224.5’  2-28- 
Backfilled  3-1-79 

Hole  Completion 


Hole  backfilled 

with  concrete 
3-1-79. 

Water  Levels 


Taken  before  hole 
was  completed. 

Depth  Date 
Dry  to  18'  2-27-79 
69.5' 

69.7' 


SENTINEL  BUTTE  MCBER - PALEOCENE** 

0-22.0'  SILTY  SHALE:  dark  gray  to  brown 
damp;  soft  and  crumbly;  weathered; 
oxidized;  moderate  to  strong  HC1  reacticn; 
bedding  nearly  horizontal;  core  lengths 
to  12". 

0-2.0'  TOPSOIL  -  dark  grayish 
brown;  organic. 

2.5-3. 5'  Scattered  caliche. 

22.0-23.5'  LIMESTONE: light  gray;  dry; 
hard;  bedding  nearly  horizontal;  core 
lengths  to  10". 

23.5- 44.5*  SILTY  SHALE:  light  brown; 
damp;  cuts  easily  with  knife;  oxidized 
bedding  nearly  horizontal;  weak  HC1 
reaction;  core  lengths  to  18". 

44.5- 63.0'  SHALE:  medium  to  dark  gray; 
damp;  trims  with  some  difficulty;  plast 
air  slakes;  slightly  carbonaceous, 
especially  near  54';  bedding  nearly 
horizontal;  weak  HC1  reaction;  core 
lengths  to  18". 

54.3-54.5’  COAL  -  black;  brittle. 
63.0-96.5'  SANDY  SHALE:  medium  gray; 
damp;  trims  with  some  difficulty; 
scattered  laminated  sandy  zones; 
bedding  nearly  horizontal;  a  few  carbon 
aceous  zones  below  85' ;  no  HC1  reaction 
core  lengths  to  36  . 

96.5- 108.2'  COAL:  brownish  black;  wet; 
soft;  woody;  broken. 

108.2-118.0'  SHALE:  medium  to  dark  gray 
moist;  cuts  fairly  easily  with  knife; 

a  few  scattered  sandy  zones;  bedding 
nearly  horizontal;  core  lengths  to  20  . 

112.5'  Joint  dipping  45°. 
118.0-123.5'  CLAYEY  SANDSTONE:  light  to 
medium  gray;  damp;  uncemented;  cuts 
easily  with  knife;  fine  grained;  some 
crossbedding  but  most  bedding  nearly 
horizontal;  no  HC1  reaction;  core 
lengths  to  20". 

123.5- 129.5'  SHALE:  medium  gray;  damp; 
trims  easily  with  knife;  bedding  nearly 
horizontal;  no  HC1  reaction;  core 
lengths  to  20". 

129.5- 129.7'  COAL:  black;  damp;  hard; 
brittle. 

129.7- 146.7'  SANDY  SILTST0NE:  light 
gray,  with  a  greenish  tint  near  the  top; 
moist;  soft;  cuts  easily  with  knife; 
bedding  nearly  horizontal ;  no  HC1 
reaction;  core  lengths  to  12". 

146.7- 149.7'  SANDY  LIMESTONE:  light  gra 
dry;  hard;  some  crossbedding;  very 
poor  plant  fossils;  pyrite  along  a  near 
vertical  joint  at  148.7';  core  lengths 
to  8". 


E  XPLANA  TION 


**  FT.  UNION  FORMATION 


it^lSSSSk-Eo5l‘Hiiitudy  4183  ■  «0jecT 


STATE  ,P*k-  SHEET  . 


pp.79rl.06.  . 


GEOLOGIC  LOG  OF  DRILL  HOLE 


tudy  Area 


FEATURE  .  .UlQKitmn  .WQUra-iq  ....  PROJECT. 

DH79-106  LOCATION.  15QQ'.  .$•.  .&  65',  W.,  of  N.E.,  . 

H  •  '  Comer  M*  -X-.  .W  N„  R,  98  W. 
FINISHED.  .3-.l-.19  . 


EMRIA  No.  22 . STATE.  Jtar.th.  Hako.tA  . 


HOLE  NO. 

BEGUN.  2t26t79 


GROUND  ELEV  .2620'* .  DIP  (ANGLE  FROM  HORI?  )  -Vertical  . 

„  TOTAL  00/  ci 

DEPTH  OF  OVERBURDEN  .  .  2.0 . .  .  DEPTH.  .444«.5  BEARING . 

See  Notes .  LOGGED  by.  Parish . log  reviewed  by  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


flcORE 

Uloss 

I  CORE 
RECOVERY 


oePTM  (Fte t) 


12 


108. 2: 

no- . 


149.7- 198.7'  SANDSTONE:  light  gray; 
moist;  unceraented;  soft;  crumbles  easily 
fine  grained;  weak  HC1  reaction;  bedd¬ 
ing  nearly  horizontal;  core  lengths  to 
40". 

198.7- 208.2'  COAL:  brownish  black;  wet; 


soft;  brittle;  woody;  broken. 

208. 2-224.5'  SANDY  SHALE:  medium  to 


dark  gray;  moist;  trims  with  difficulty 
no  HC1  reaction;  bedding  nearly  hori¬ 
zontal;  core  lengths  to  14". 

209.2-210.0'  COAL  -  laminated  with 
shale. 

224.0-224.3'  COAL  -  brownish  black 
slickensided  along  bottom. 


EXPLANA  TION 


Typo  ol  nolo  . 

Holo  ioolod . 

Approx.  ii«o  ol  holo  (X- 


...  (X-.ori..)  ■ 

ting  (X-ioriOi) 
ng  (X-»or.o») 


0  ■  Diamond,  H  -  Haystollite,  S  =  Shot,  C  -  Churn 
P  a  Poclior,  Cm  m  Comonled,  Ci  =  Bottom  ol  coting 
I.)  Ex  =  M/2",  Ax  =  1-7/8",  Bx  =  2-3/8".  Nx  • 

•  -  -  7 '8",  Ax  «  1-1/8",  Bx  *  1-5/8".  Nx  - 

13/ld”.  A.  =  2-1/d".  B»  =  2-7/8",  N«  • 

1/2",  A.  =  1-29/32",  B.  =  2-3/8”,  Nx  . 


future.  l?^lSf5Sk?0»¥Hiiitud:? 


Area 


EMRIA  No.  22  STATE  N.  Dak.  sheet  . 


°r 

0 

1 

2 

- 

s 

UNITED  STATES 

3 

10 

department  op  THE  INTERIOR 

WATER  AND  POWER  RESOURCES  SERVICE 

£  4 

RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

-1 

15  5 

rattlesnake  butte  study  area 

2  5 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 

6 

7 

20 

GEOLOGIC  LOG  OF  DH  79-106 

25 

e 

GEOLOGY  L.  PARISH  FIELD  APPROVAL 

DRAWN  TECH  APPROVAL 

30 

CHECKED  APPROVED 

Dtpth  on  logs  In  feet. 

Multiply  feat  by  0.3048  to  obtoln  motor* 

au./MGS.MOMTANA"^  '  FEBRUAtr  196/  |  |3Q5-600-260 

Plote  18 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  .  .  .  OF.  .  .3  . 


.  &yiSi8ak6aIliilaltudy. . 


.  fflR.IA.  No...  22 . STATE 


North  Dakota 


DH79-107  location.  2550.'.  £. -  ■&  60' -  S. .  of .  N,W. 


Comer  Sej,  14..  X..  1413.  K...  K.  SS.  W.  G"0UM0  EiLfv-  "  . ID,P  Mw0“  FHO"  HOR,z  > 

BEGUN  .  .3-6-79  FINISHED.  .3“.®.“ 7.9  .  DEPTH  OF  OVERBURDEN  .  .2.\0.' .  DEPTH.  .  ?}?.’?.  BEARING . 

DEPTH  AND  ELEV.  OF  WATER 


'CrIH  NNU  CLt  T  Ur  WAICK  Q--  Knroa 

LEVEL  AND  DATE  MEASURED  bee  N.°.Ves 


LOGGED  BY  rarl.sn . LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Drill 

Falling  1500  truck- 
mounted. 


Driller 
R.V.  Shaw 


Method 


Bx  casing  drive 
samples  0-10' . 

FI sh tall  wash  10-11 
Hq  wireline  core 
11-213.5.'  Water 
and  Revert  used  as 
drill  fluid.  Water 
losses  noted  below 
Depth  ZLoss 
0-74.5'  10-20 

74.5- 173.5’  0 

173.5- 213.5'  0 

Casing  Record 


None  used. 


Progress  Record 

Depth  Date 

0-74.5'  3-6-79 

74.5- 173.5’  3-7-79 

173.5- 213.5'  3-8-79 


Hole  Completion 
Hole  backfilled 
with  concrete 
3-8-79. 

Water  Levels 


Taken  before  hole 
was  completed. 
)epth  Date 
8.5'  3-7-79 

>1.0'  3-8-79 


ncowt 

Uloss 

I  CORE 
RECOVERY 


EXPLANA  TION 


T___  ol  Sol.  ....  0  •  D  iomond,  H  =  Hoystellite,  S  •  Skot,  C  «  Churn 

K_lT  1K,it(j  .  P  ■  Pocker.  Cm  m  Cemented.  Cs  ■  Bottom  ol  eating 

•;  w i: :  ;>',<?■'  J: : !:?/!":  S: :  ■:?/!••:  5: : I./.- 

oSSS  t.  -  1-jtA.f.  H--3-,/2" 

In., do  die.  .1  cosng  (X-ser.es)  E»  -  M  ?  .  B.  -  2-3/8  . 


SENTINEL  BUTTE  MEMBER - PALEOCENE  ** 

0-19.2’  SANDSTONE:  tan  to  brown;  damp; 
weathered;  soft;  oxidized;  fine  grained 
crumbly;  moderate  to  strong  HC1  reactio  1 
bedding  not  discernible;  core  lengths 
to  2”. 

0-2.0’  TOPSOIL  -  dark  brown. 

19.2- 19.7’  COAL;  brownish  black;  moist 
weathered;  soft;  crumbly. 

19.7- 52.8’  SANDY  SHALE:  grayish  brown 
and  oxidized  to  33’ ;  medium  gray  33- 
52.8’;  moist;  cuts  easily  with  knife; 
numerous  sandy  zones;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  24”. 

47.2-47.4’  COAL  -  black;  damp; 
soft;  shaley;  slickensided. 

52.8- 65.8’  CLAYEY  SANDSTONE:  light  to 
medium  gray;  moist  to  wet;  soft;  varies 
from  almost  mushy  to  crumbly;  fine 
grained;  shaley  57-59.5’;  no  HC1  reac¬ 
tion;  some  crossbedding  but  most  bedd¬ 
ing  nearly  horizontal;  core  lengths  to 
30". 

65.8- 96.2’  SANDY  SHALE;  medium  gray; 
moist;  cuts  easily  with  knife;  very 
sandy  and  laminated  below  82’;  weak 
to  moderate  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 

96.2- 97.8’  SANDY  LIMESTONE:  light  gray; 
dry;  hard;  bedding  not  discernible; 
core  lengths  to  5". 

97.8- 138.7’  SHALE:  medium  gray;  damp; 
trims  easily  with  knife;  no  HC1  reactio  i 
bedding  nearly  horizontal;  core  lengths 
to  24". 

106.4’  Joint  dipping  45°. 

115.0’  Joint  dipping  50°. 

126.0’  Joint  dipping  70°. 

132.2’  Joint  dipping  65°. 

138.5’  Slickensides  dipping  45° 
138.7-149.3’  COAL:  black;  damp;  slicken 
sided;  brittle;  earthy; 

149.3-166.5’  SHALE:  medium  to  dark  gray 
damp;  trims  easily  with  knife;  plastic 
air  slakes;  carbonaceous  to  155’;  no 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  24". 

151.7-152.0’  COAL  -  black;  shaley 
slickensided.  Q 

152.8’  Joint  dipping  60  . 
166.5-173.0’  CLAYEY  SANDSTONE:  light 
to  medium  gray;  moist;  cuts  easily  with 
knife;  laminated;  fine  grained;  most 
bedding  nearly  horizontal;  weak  HC1 
reaction;  core  lengths  to  10". 
173.0-181.1’  SHALE:  medium  gray;  damp; 
trims  with  some  difficulty;  plastic; 
air  slakes;  no  HC1  reaction;  bedding 


**  FT.  UNION  FORMATION 


Nx  -  3" 


“d'y  . PROJECT  .  BWI.h.!!.  .  ST.TS  .  Pak-  SHEET 


Rattlesnake  Butte  Study  Area 

FEATURE  .OUUhBPi)  .CQBlfUld . 

LOCATION. 2550’.  E.  .&  60’.  S 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .2  . 


OF  . 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  .  3. 


,PH7?t1Q7  1 


project.  . EMILIA. No.  .22 . state.  .  .North  Dak-ot- 

.  .of  .N.W_  . . 

Corner  .Sec  .14,  .T.  .140  -N.,  -R-  -98  -W- 

of  overburden  .  2.0 


GROUND  ELEV 


BEGUN  .  ?T^T7?.  ...  FINISHED.  .3-8-79  DEPTH 

See  Notes 


2670’.- .  di p  (angle  from  horiz  )  Vertical 

BEARING . 


LOGGED  BY  . 


LOG  REVIEWED  BY 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


I: 


s' 

nearly  horizontal;  core  lengths  to  6". 
180.0-181.1’  Carbonaceous  with 
numerous  slickensides. 

181.0-183.5’  COAL:  black;  wet;  brittle; 
broken . 

183.5-187.2’  CARBONACEOUS  SHALE:  dark 


gray;  damp;  trims  with  difficulty; 
plastic;  air  slakes;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  10". 

187.2-194.7’  COAL:  black;  damp;  soft; 
earthy;  slickensided;  brittle. 
194.7-196.0’  CARBONACEOUS  SHALE:  nearly 


black;  damp;  difficult  to  trim  with 
knife;  plastic;  air  slakes;  no  HC1 
reaction;  bedding  nearly  horizontal; 
single  core  length. 

196.0-213.5’  SANDSTONE:  medium  to  dark 


gray;  moist;  uncemented;  soft;  cuts 
easily  with  knife;  fine  grained;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  18". 


166.5  - 


170- 

173 


EXPLANA  TION 


Trpool 
Hole  ••< 


holo 


teoled  . 

Approx.  ol  holo  (X-ior 

Approx,  lixo  ol  coro  (X-ser 
Outside  dio.  ol  cosing  (X-s 
Inside  dio.  ol  cosing  (X-set 


.  .  .  D  •  Oiomond,  H  -  Hoystellite,  S  «  Shot,  C  •  Churn 
P  x  Pocks,.  Cm  •  Cemented,  Cs  3  Bottom  ol  cc 
is)  .  .  Ex  -  1-1/2**.  A*  =  1-7/8”.  Bx  =  2-3/8”. 

.  Ex  -  7/8".  Ax  *  1-1/8”,  Bx  =  1-5/8”, 

Ex  =  1-13/M”,  A,  =  2-1/4”,  B«  =  2-7/8” 

.,)  E.  =  M3”.  A.  =  1-29/32”,  B.  =  7-3/8”, 


ling 

Nx  -  3” 

N.  -  2-1/8" 
N«  -  3-1/2" 
Nx  -  3" 


Rattlesnake  Butte  Study  Area  n«lr  nt-« 

Dickinson.  Coalfield . project.  No. .  22 . STATE.  North  Dakota 


HOLE  NO. 

BEGUN  .  3r.6r.79. 


nH7Q-if)7  location.  2550.’ .  E. .  6>.  60.’  S. .  of -N.W.  ..  PV 

PH.79-107.  Corner  sec.  .14,.  T. .  140.  N.  ,  R.  ?8  W.  GROUND  ELEV 


2670.’ t . dip  (ancle  from  horiz  )  Vertical 

TOTAL  c, 

.  DEPTH.  .  213.5.  .  BEARING . 


FINISHED.  3r8r79 . DEPTH  OF  OVERBURDEN  2x0.’ .  DI 

.  See.  Notes .  logged  by  ..  Parish .  log  reviewed  by 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


□  CORE 

Uloss 
I  core 

RECOVERY 


DEPTH  (FEET) 


//12 

194.7 


I 


>Z^ 


210- 
456.5  [213.5 


Type  c 
Hole  s 
Appro* 
Appro, 


.  .  P 


iie  ol  hole  (X- 
ixe  ol  core  (X-senes)  .  .  c 
ie.  ol  cosing  (X-series).  E 
i.  ol  cosmg  (X-sonos)  E 


EXPLANATION 


Diamond,  H  ■  Hoystellite,  S  ■  Shot,  C  •  Churn 
.  -  Pocker,  Cm  ■  Cemented,  Cs  ■  Bottom  ol  cosing 

Ex  -  1-1/2”,  Ax  .  1-7/8",  B«  -  2-3/8".  Nx  -  3" 

.  7/8”,  A>  =  1-1/8”,  Bx  -  1-5/8”,  Nx  -  2-1/8" 

=  1-13/18”,  A.  =  2-1/4",  B«  =  2-7/8",  Nx  -  3-1/2" 

x  1-1/2",  A«  =  1-29/32",  B«  -  2-3/8",  Nx  -  3” 


Rattlesnake  Butte  Study.  Area.  .  . 
-  "Dickinson'  "Coalfield" 


PROJECT  .  .  EMRIA.No.  .22.  STATE  .  N...  Dak,.  .  SHEET  2.  .  .  OF  .  3.  .  HOLE  NO 


. Rattlesnake. Butte. Study  Area . project .  EMRIA  .No.  .22 

Dickinson  Coalfield 


STATE  H.  Dak.  .  .  SHEET  .  3.  .  OF  .3  HOLE  NO  DH79rl07. 


Oopth  on  logs  In  foot. 

Multiply  foot  by  0.3048  to  obtoln  motor*. 


UNITED  STATES 

DEPARTMENT  OP  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD  ~  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  79-107 


GEOLOGY _  L.  PARJSH 

DRAWN  _ 

CHECKED 


FIELD  APPROVAL_ 

TECH  APPROVAL _ 

APPROVED _ 


BILLINGS,MONTANA  FEBRUARY  198 

SHEET  I  OF  I 


1  |  1305-600-261 


Plote  19 


)rill 

Failing  1500  truck- 
noun  ted  . 


lethod 


Jx  casing  drive 
jamples  0-10'. 
Fishtail  wash 
10-11*.  Hq  wire- 
Line  core  11-234.5'. 
fater  used  as  drill 
fluid.  About  10-15Z 
rater  loss 
.24.5-164.5*. 

'aslng  Record 


lone  used. 


Rattlesnake  Butte  Area 

FEATURE  ULcJUjUPA.  CPftlf lelfl . 

MOLE  MftDH79-inft  LOCATION.  800-'E-,.  &.  40.’S-.  of.  N.W. .  Comer 
•  2'- ■  T' -  a-40- 

BEGUN  ,3.  A2.  A9.  .  .  .  FINISHED.  A*1.4.-7?.  .  DEPTH 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  A  .  .  .  OF.  . 


PROJECT.  .  EMMA  No.  22 . STATE-  .  .Nprth  Dakcita 


.  N,.JU.93.V, 


GROUND  ELEV  .  2625.'.  £ . DIP  (ANGLE 


FROM  HORIZ  ) 


1  C*  TOTAL  ...  ct 

OF  OVERBURDEN  1.0 .  DEPTH.  .  FP^.-P.  . 


s.e.e.  No.t.es .  LOGGED  BY.  .  PAr.ish. . LOG  REVIEWED  BY. 


MOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


TYPE 

AND 

SIZE 


rogress  Record 


Depth  Date 
-124.5’  3-12-79 

1  24.5-234.5*  3-13- 
lackf illed  3-14-79 

lole  Completion 


iole  backfilled 
rith  concrete 
3-14-79. 

fater  Levels 


'aken  before  hole 
ras  completed. 
epth  Date 
3.1’  3-13-79 

1.7’  3-14-79 


I; 


1 QSL 


100 


1M 

100 


OtaTH  (FCCTI 


#1 


SENTINEL  BUTTE  MEMBER - PALEOCENE** 


0—20.0*  SHALE:  brown;  damp;  weathered; 
oxidized;  cuts  easily  with  knife;  sandy 
below  18’;  bedding  nearly  horizontal; 
weak  HC1  reaction;  core  lengths  to  12". 

0-1.5’  TOPSOIL  -  dark  brown. 
20.0-21.0’  LIMESTONE:  dirty  white;  dry; 


hard  but  can  barely  be  trimmed  with 
knife;  weathered;  sandy;  bedding  not 
discernible;  core  lengths  to  6". 
21.0-24.5’  CLAYEY  SANDSTONE:  brown; 


damp;  oxidized;  edges  of  core  break 
easily;  fine  grained;  weak  HC1  reaction; 
minor  crossbedding;  core  lengths  to  6". 
24.5-36.3’  SHALE:  grayish  brown;  damp; 


trims  with  some  difficulty;  plastic; 
air  slakes;  scattered  1/4"  limey  nodules 
33.3-34.5’;  no  HC1  reaction  except  on 
nodules;  bedding  nearly  horizontal; 

'.ore  lengths  to  10" . 

26.3’  Joint  dipping  45°. 

27.0’  Joint  dipping  45°. 

34.0’  Joint  dipping  45°. 

34.5*  Joint  dipping  45°. 

'6.3-37.0'  COAL:  black;  hard;  brittle; 


jroken. 

37.0-40.0'  SHALE:  medium  gray;  damp 


- - - -  6*°;  »  uaiup, 

rims  with  some  difficulty;  plastic;  air 
lakes;  no  HC1  reaction;  bedding  nearly 
horizontal;  core  lengths  to  14". 
4(3.0-44.4'  CLAYEY  SANDSTONE:  light  gray 


damp;  edges  break  easily  with  fingers; 
fine  grained;  laminated;  no  HC1  reaction 
crossbedded;  core  lengths  to  15". 

44.4-47 . 7 '  SHALE:  medium  gray;  damp 


trims  easily  with  knife;  plastic;  air 
slakes;  no  HC1  reaction;  bedding  nearly 
lorizontal;  core  lengths  to  8". 

47 .7-48.9'  COAL:  brownish  black;  brittle 


■/oody;  broken. 

48.9-63.7'  SANDY  SHALE:  medium  gray; 


noist;  firm;  trims  easily  with  knife; 
rontains  a  few  plastic  zones  which  air 
slake ;  no  HC1  reaction;  scattered  sand¬ 
stone  lenses;  bedding  nearly  horizontal; 
tore  lengths  to  15". 

^3 . 7—103 . 8  SANDSTONE :  medium  gray;  wet 


- - - - -  --- 6*- 

jncemented ;  loose  to  crumbly;  fine 
grained;  no  HC1  reaction;  bedding  not 
iiscernible;  core  lengths  to  10". 

77.5-78.7’  CALCAREOUS  SANDSTONE  - 
light  gray;  dry;  cemented;  hard. 
'-03.8-114.7'  COAL:  brownish  black; 


Tittle;  woody;  broken. 

04 .7-142. O'  SILTY  SHALE:  light  grayish 


- _ - - - -  .  iigui.  giayi 

srown  with  darker  laminae;  damp;  trims 
•rith  some  difficulty;  a  few  sandy  zones 
some  pyrite  nodules  near  120';  no  HC1 
•eaction;  core  lengths  to  12". 


EXPLAHA  TION 


T»p»  of  Kola . D  ■  Diomond,  H  •  Hoystellife,  S  -  Shot.  C  "  Ch« 

He  la  sealed . P  »  Pecker,  Cm  -  Cemented,  Ce  »  Bottom  of  co* 

Approx,  size  of  hole  (X-series)  Ex  *  1-1/2".  Ax  =  J-7/8”,  Bx  m  7-3/8 

Approx,  size  of  core  (X-series)  Ex  •  7/8”,  Ax  «  1-1/8  .  Bx  “  1-5/8 

Outside  die.  of  cosing  (X-series).  Ex  =  1-13/1^  ,  Ax  *  7-1/4  .  Bx  =  2-7/8 

Inside  dio.  of  cosing  (X-socies)  ■  Ex  *  1-1/2  ,  Ax  »  1-29/32  ,  Bx  ■  2-3/8 


Nx  -  3” 

Nx  -  2-1/8" 
Nx  -  3^1/2” 


**  FT.  UNION  FORMATION 


FEATURE  .  §fcic^nIoft^8«)l^llld^7 . PROJECT  .  .EMRIA  .No.  .22  .  STATEN.  .Dak.  .  SHEET  .  J.  .  OF  .  .3  .  HOLE  NO.  PH79^108. 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET. 


2 


.  OF.  . 


Rattlesnake  Butte  Study  Area  /  — 

FEATURE  .Dickinson  .Coalfield . PROJECT.  .EMRIA  No.  22 . STATE.  North  Dakota. 

un,  c  un  nH7Q-infl  LOCATION. 80Q'.E..&40' s’.,  of  N.W.,  Corner 

HOLE  NO.  Wl?  .109  .  2k  X-  140  N-  •  R.  98  <V.0UND  ELEV  •  •  •  •  — . DIP  (ANGLE  FROM  HORIZ.)  . 

3-12-79  ctuKucn  3-14-7*9*  DEPTH  OF  OVERBURDEN  .3*.3'. .  DEPTH  .234 -.5 


. Vertical 


BEGUN  .  .7.  .7  ....  .  FINISHED. 


BEARING.  . 


DEPTH  AND  ELEV.  OF  WATER  *.  .  _  .  . 

LEVEL  AND  DATE  MEASURED. Sqe  .Notes .  LOGGED  BY  .  .Parish . LoG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


i! 


TYPE 

AND 

SIZE 


DEPTH  (FEET) 


in 

114.7 


#9 

142 


jLul 


Jill. 

158.9 


//12 

170 


II 13 
194.9 


142.0-147,8'  SHALE:  medium  gray;  damp; 
trims  with  difficulty;  plastic;  air 
slakes;  no  HC1  reaction;  bedding  nearly 
horizontal;  core  lengths  to  18". 
147.8-148.5'  LIMESTONE:  light  gray;  dry 
hard;  sandy;  bedding  not  discernible; 
single  core  length. 

148.5- 155.5'  SHALE:  medium  gray;  damp; 
- trims  with  some  difficulty;  plastic; 

air  slakes;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 

155.5- 158.9'  CARBONACEOUS  SHALE:  black; 


147.8- 

148.5 


damp;  trims  with  difficulty;  plastic; 
air  slakes;  numerous  slickensides ;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  6". 

158.9-170.0'  SILTY  SHALE:  light  to 


medium  greenish  gray;  damp;  trims  easily 
with  knife;  somewhat  sandy;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  20". 

170.0-192.2'  CLAYEY,  CARBONACBOUS 


SANDSTONE:  dark  gray;  wet;  uncemented; 
crumbly  to  loose;  fine  grained;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  6". 

192.2-194.9'  SANDSTONE:  light  gray;  dry 


calcareous  cemented;  hard;  fine  grained 
bedding  not  discernible;  core  lengths 
to  24". 

194.9-201.3’  CLAYEY  SANDSTONE:  medium 


gray;  wet;  uncemented;  cuts  easily  with 
knife;  fine  grained;  no  HC1  reaction; 
bedding  not  discernible;  core  lengths 
to  20". 

201.3-202.5'  COAL:  black;  damp;  brittle 


woody. 

202.5- 204.5'  SHALE:  dark  gray;  damp; 
difficult  to  trim  with  knife;  plastic; 
air  slakes;  no  HC1  reaction;  bedding 
not  discernible;  core  lengths  to  10". 

204.5- 213.3’  CLAYEY  SANDSTONE:  medium 


gray;  wet;  uncemented;  cuts  easily  with 
knife;  fine  grained;  no  HC1  reaction; 
bedding  not  discernible;  core  lengths 
to  6". 

213.3-220.5'  COAL:  black;  moist;  brittli 
woody;  broken. 

220.5-222,3'  CLAYEY  SANDSTONE:  medium 


gray;  damp;  uncemented;  cuts  with  some 
difficulty;  fine  grained;  no  HC1  reac¬ 
tion;  bedding  not  discernible;  core 
lengths  to  12". 

222.3-234.5'  CARBONACEOUS  SHALE:  dark 


gray;  damp;  difficult  to  trim  with 
knife;  plastic;  air  slakes;  scattered 
slickensides;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 


Typ*  o 
Hoi*  * 


Appro 
Approx.  iiz< 
Outside  dio. 
Inside  dio 


of  Solo  (X-*o< 
of  core  (X-ier 

e;:^x(X.: 


m  Diomond,  H  -  Haystellite,  ! 
■  Pocker,  Cm  ■  Cemented,  Cl 
«  =  1-1/2”,  Ax  =  1-7/8”, 

«  =  7/8",  Ax  =  1-1/8", 

«  =  1-13/18”,  A,  =  2-1/4” 

,  =  1-1/2",  A«  =  1-29/32”, 


Rattlesnake  Butte  Study  Area 

feature  .Dickinson  .Coalfield .  project  .  PMMA.  Np, 


EXPLANA  TION 


•  Shot,  C  b  Churn 
s  Bottom  of  cosing 
Bx  =  2-3/8' ',  Nx  - 

Bx  =  1-5/8”,  Nx  - 

Bx  =  2-7/8”,  N»  • 

Bx  =  2-3/8",  Nx  - 


ll.  .  STATE  N...  Dak . SHEET  .2  .  .  OF  .  3.  .  HOLE  NO.DH79-108  • 


Rattlesnake  Butte  Study  Art 

feature  .Dickinson  Coalfield 

LOCATION  .8.0.0. '.R-MO. 
-  r.uSfiSk..  .2.,. 
BEGUN  . 3-12—79  .  .  .  FINISHED.  .3-14-7.9.  .  . 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  . 


OF. 


HOLE  NO.  .QH79-.1Q8 


. PROJECT.  .  JiHRlA  .No...  .2,2, .  state.  North.  Dakota 

.S...  o.f.  K-.W.,  Coxjiej:  ,..c,  .  „  . 

X  140  N  R  98  5£0UN0  ELEV'  -k- •-5- ■  i .  DIP  (ANGLE  FROM  horiz  )  Vertical. 

A -  A*.  7.  •  TOTAL 


DEPTH  OF  OVERBURDEN  .  .1*.V .  DEPTH .  .2.3.4 •5.*.  ,  BEARING . 

.  LOGGED  BY.  .P.ar.lsh .  LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


K 


TYPE 

AND 

SIZE 


■  90 

* 


// 1 4 
202.5 


>z[7 


404.5 

2402.7 


2398.6 

2398.1 


2393.4 

k393 


226.4-226.9'  COAL  -  black;  damp; 
brlitle;  shaley. 

231.6-232.0'  COAL  -  black;  damp; 
shaley. 


232.0 

234.5 


EXPLANA  TION 


Type  of  hole . 

Hole  tealed . 

Approx,  lize  of  hole  (X-seri 
Approx,  size  of  core  (X-seri 
Outside  die.  of  cosing  (X-se 
Inside  dio.  of  cceing  (X-s< 


x  Diamond,  H  ■  Hayst 


lite,  S  b  Shot,  C  =  Churn 


IqHln«iqn';Co.q'(^elc(tUCly  1 


esnake  Bu 


=  1-13/18", 
=  1-1/2", 


imentod,  Cs 
=  1-7/8". 

=  1-1/8”, 

=  2-1/4", 

=  1-29/32" 


X  -  2-3/8”, 
x  =  1-5/8”, 
x  =  2-7/8”, 
x  =  2-3/8”, 


Nx  -  3” 

Nx  -  2-1/8" 
Nx  -  3-1/2" 
Nx  -  3" 


•  PROJECT  .  pMRIA.  No. .  22.  .  state  .n.-.  Dak. 


.3  •  of  .  3.  hole  no.QH79-.1Q8  . 


Dapth  on  logt  In  faat. 

Multiply  faat  by  0.3048  to  obtain  malar*. 
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te  Study  Area 

FEATURE  .  .Dickinson  .Coalfield . PROJECT.  .  .EMRU  .No.  .22 .  STATE  North  Dakota 

HOLE  HO.W79-1Q9,  LOCATION. 3UQ'.  ,H..  ?;q'.  W,  of  .S.E..  Corner 


.18,  i-u.uqju,.: 


DIP  (ANCLE  FROM  HORIZ  )  Vertical  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


^■SENTINEL  BUTTE  MEMBER - -PALEOCENE** 


- -JO-16.0'  SHALE:  medium  grayish  brown 


0-10  ;  light  greenish  gray  10-16 
weathered;  firm;  cuts  easily  with  knife; 
damp;  plastic;  air  slakes  below  10'; 
some  caliche  1-2';  moderate  to  weak  HC1 
|reaction;  bedding  nearly  horizontal; 
core  lengths  to  18". 

0-2.0'  TOPSOIL  -  dark  brown; 
slightly  organic. 

16.0-16.9'  COAL:  black,  moist;  soft; 


shaley . 

16.9-17.8'  SANDY, 


CARBONACEOUS  SHALE: 


dark  gray;  moist;  firm;  cuts  easily  with 
knife;  no  HC1  reaction;  scattered  1/4' 
coal  seams;  bedding  nearly  horizontal: 
core  lengths  to  8". 

17.8-24.5'  CLAYEY  SANDSTONE:  medium  gray 


damp;  crumbled;  fine  grained;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  2". 

24.5- 25.8'  SHALE:  medium  gray;  damp; 
firm;  cuts  easily  with  knife;  plastic; 
laminated;  no  HC1  reaction;  bedding 
nearly  horizontal; core  lengths  to  6". 
25.8-29,5*  COAL:  black;  moist;  brittle. 

29.5- 46,5'  SHALE:  medium  gray,  moist; 
firm;  cuts  easily  with  knife;  no  HC1 


reaction;  bedding  nearly  horizontal; 
core  lengths  to  10". 

30.0-30.5'  COAL  AND  SHALE  -  thinly 
laminated . 

38.5-40.0’  Numerous  slickensides 
dipping  about  45°. 

46.5-51.4'  SANDY  SHALE:  medium  gray; 


moist;  firm;  trims  easily  with  knife; 
laminated;  weak  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  15". 
51.4-56.0'  SANDSTONE:  light  gray;  damp; 


edges  of  core  can  easily  be  broken  with 
fingers;  very  fine  grained;  no  HC1 
reaction;  bedding  nearly  horizontal; 
core  lengths  to  10". 

56.0-57.5'  SHALE:  medium  to  dark  gray; 


damp;  firm;  trims  easily  with  knife; 
carbonaceous  near  bottom;  no  HC1  reactiot 
bedding  not  discernible;  core  lengths 
to  8". 

57,5-70,0'  COAL:  black;  damp;  hard; 
brittle;  core  lengths  to  6", 

68.5-69.0'  CARBONACEOUS  SHALE  - 


black;  damp;  plastic;  no  HC1 
reaction . 

70,0-91.8’  SHALE:  medium  to  dark  gray; 


damp;  firm;  cuts  easily  with  knife; 
plastic;  air  slakes;  carbonaceous  near 
top;  no  HC1  reaction;  bedding  not 
.  •  •  [discernible:  core  lengths  to  12". 

80.7'  Joint  dipping  30°, 


FT.  UNION  FORMATION 


Rattlesnake  B^te^Study 


feature  .  .  Dickinson.  Coal 
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SHEET  .  .2  .  .  OF 


. EMRIA .No. .22 . 


Butte  Study  Area 

feature  .  .  .  .Dickinson  .Coalfield . project. 

LOCATION . 31 70 '.  .N.  .210'.  .W.  .of  -S..E.-  -Corner  Ucc.  , 

-  -  .Sac.  .18,  -X  .140  .N,  .98  ElSV  ^tal 

BEGUN  .  3t14t79.  .  .  FINISHED.  3-;20-79  .  DEPTH  OF  OVERBURDEN  .2.0'. .  DEPTH.  .137  .5  '. 


HOLE  NO.  DU79t1Q9 


DEPTH  OF  OVERBURDEN  .  2.0 
See  Notes . LOGGED  BY . Parish .  LOG  reviewed  BY. 


. STATE. North  Dakota  - 

dip  (ancle  from  HORtz  )  .Vertical  . 

BEARING . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


E 


TYPE 

AND 

SIZE 


94.2 

■linus 


40- 


DEPTH  (FEET) 


116.1 

coal 


—  frr 


i  101 . 5  -  brittle. 

94.2-101.0 


2517.5  137.5 


'1.8-94.2'  COAL:  black;  damp;  hard; 


CLAYEY  SANDSTONE:  light  gray 
uts  easily  with  knife;  fine 


lamp;  firm, _ _ _ _ , 

;rained ;  very  thin  coal  laminae  near 
bottom;  no  HC1  reaction;  bedding  nearly 
horizontal;  core  lengths  to  15". 
101.0-101.5'  COAL:  brownish  black;  moist 


10ft;  woody;  broken. 

01.5-116.1'  SHALE:  medium  gray;  damp; 


irm;  trims  with  some  difficulty;  no 
IC1  reaction;  bedding  not  discernible; 
:ore  lengths  to  30". 

107.8'  Slickensides  dipping  50°. 
110.0-111.5'  Sandy,  laminated  zone 
j.6.1-119.7*  COAL:  black;  damp;  hard; 


SANDY  SHALE :  dark  to  medium 


140- 


;ray;  damp;  firm;  cuts  fairly  easily 
/ith  knife;  carbonaceous  near  top;  no 
IC1  reaction;  bedding  nearly  horizontal; 
:ore  lengths  to  13". 

123.0-137.5'  CLAYEY  SANDSTONE:  light  to 


nediura  gray;  moist;  soft;  partially 
:rumbled;  fine  grained;  no  HC1  reaction; 
jedding  nearly  horizontal;  core  lengths 
to  6". 


EXPLANA  TIQN 


■  Shot.  C  m  Churn 


Approx,  tiio  of  Kola  (X-iar. 
Approx,  mi  of  Cora  (X-tari 
Outtida  dio.  of  coting  (X-ta 
Intida  dio.  of  eating  (X-tar 


•  1-1/2”. 

•  E«  -  7/8”. 

E»  =  1.13/M". 
E«  «  1-1/2”. 


1-7/8", 
A*  -  1-1/8”, 
A,  .  2-1/4", 
A,  -  1-29/32”, 


«  2-3/8",  Nx  -  3” 
-1-5/8".  Nx  -  2-1/8" 
=  2-7/1".  N.  -  3-1/2” 
.  2-3/8".  N«  .  3" 


_ _  Rattlesnake  Butte  Study  Area  "  ~~ 

FEATURE  .  Dickinson  Coalfield . PROJECT  .EMRIA  .Nq-.  XZ  . 


STATE  .N,  .DskQU  .  SHEET  .  2.  .  OF  X  .  HOLE  NO  PH79-J09. 


Dopih  on  logs  In 
Multiply  foot  by 


t««t. 

0-3048  to  obtoln  motor*. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 


RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 


rattlesnake  butte  study  area 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 


GEOLOGIC  LOG  OF  DH  79-109 


GEOLOGY _  U  PARJJSH _  FIELD  APPROVAL 

DRAWN _  TECH  APPROVAL^  __ 


CHECKED _ _  APPROVED 


&LLINGS.MONTANA  FEBRUARY  1981 

_ _ SHEET  I  OF  I 


1  1305-600-263 


Plate  21 


geologic  log  of  drill  hole 


SHEET 


1 


FEATURE  A'*.*.  PROJECT.  .«*»  *>-.  » 

DH 79-1 10  LOCATION PP.  .  N-.  .&  80'  W.  of  SE.  Corner 

Sec .20,.  T.  1^40*  nV,’  .  .  .  R...  9.8  V.0UNI>  ELI 

DEPTH  OF  OVERBURDEN  X \Q \ 


North  Dakota 


HOLE  NO.l 

BEGUN  .  .  .  FINISHED.  .3-22-79 

DEPTH  AND  ELEV.  OF  WATER 


2590': 


Jtrlri  Anu  t  L  t  v  u  r  WATfcK  M  . 

LEVEL  AND  DATE  MEASURED.  .b.e.e.  Notes 


LOGGED  BY 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


Drill 
Falling  1500  truck' 
mounted. 


Driller 
R.V.  Shaw 


Method 


Bx  casing  drive 
samples  0-10 ' . 
Fishtail  wash 

10- 11 ' .  Hq  wire¬ 
line  core 

11- 164.5' .  Water 
used  as  drill  flu¬ 
id.  10-20%  water 
loss  below  16* . 


Casing  Record 

None  used. 


Progress  Record 

Depth  Date 
0-124.5'  3-21-79 

124.5-164.5'  3-22-7 


Hole  Completion 

Hole  backfilled 
with  concrete 
3-22-79. 


Water  Levels 
Taken  before  hole 
was  completed. 


. STATE. 

DIP  (ANCLE  FROM  HORIZ  ) 

RING . 

.P.ACtsh .  LOG  REVIEWED  BY . 


SENTINEL  BUTTE  MEMBER - PALEOCENE** 


0-3.0'  WEATHERED  SHALE:  brown;  moist; 

crumbly;  strong  HC1  reaction;  bedding 
not  discernible;  core  lengths  to  3". 

0-2.0'  TOPSOIL-  organic. 

3.0-10.Q'  SILTY  SANDSTONE:  tan;  moist 
TJZT  crumbly;  very  fine  grained;  scattered 
15  J  gypsum  and  rust  staining;  weak  to  mod- 

15.5-— erate  HC1  reaction;  bedding  nearly  hor¬ 
izontal;  core  lengths  to  2". 

10.0-64.8'  SANDY  SHALE:  medium  gray; 

_  damp;  firm;  cuts  easily  with  knife; 

1  —  laminated;  scattered  sandstone  lenses 
to  2"  thick;  a  few  pyrite  nodules;  no 
HC1  reaction;  bedding  nearly  horizontal; 
core  lengths  to  30". 

15.0-15.5'  COAL-  no  recovery;  dril¬ 
ler  reported  that  it  was  soft  and 
washed  away  during  drilling. 
61.0-64.8'  Carbonaceous;  dark  gray 
64.8-76.2'  COAL:  brownish  black;  damp 


hard;  brittl< 

76.2-107.5'  SANDY  SHALE:  medium  to 
dark  gray;  damp;  firm;  trims  easily 
with  knife;  a  few  pyrite  nodules;  lam¬ 
inated;  scattered  lenses  of  sandstone; 
no  HC1  reaction;  bedding  nearly  hor¬ 
izontal;  core  lengths  to  20". 

76.2-81.0'  Carbonaceous;  dark  gray 
107.5-109.3'  COAL:  brownish  black; 


1 


damp;  hard;  brittle. 

109.3-130.0'  SHALE:  medium  gray;  damp 
firm;  trims  with  some  difficulty;  lam¬ 
inated;  a  few  sandy  zones;  no  HC1  reac¬ 
tion;  bedding  nearly  horizontal;  a  few 
plastic  zones  that  air  slake;  core 
lengths  to  12". 

115.5-115.8'  COAL-  black;  damp; 
hard;  brittle. 

130.0-136.2'  CLAYEY  SANDSTONE:  light 
gray;  damp;  firm;  cuts  easily  with  knife 
fine  grained;  some  crossbedding;  no  HC1 
reaction;  core  lengths  to  20". 
136.2-149.0'  COAL:  brownish  black; 


'=--r€  149.0-164.5'  SANDY  SHALE:  medium  to 


damp;  hard;  brittle. 


4z__rjJ  dark  gray;  damp;  firm;  trims  with  some 
difficulty;  a  few  plastic  zones  that 
~ :  air  slake;  laminated;  carbonaceous  near 

top;  no  HC1  reaction;  bedding  nearly 
horizontal;  core  lengths  to  24". 

155.4-156.1'  COAL-  black;  moist; 
hard;  brittle. 


Typ*  of  hole . 

Hoi*  t*ol*d  .... 
Approx,  til*  of  hoi*  (X-t*ri 
Approx,  (is*  of  cor*  (X-t*ri 
Outtid*  dio.  of  eating  (X-t« 
Intid*  dlo.  of  eating  (X-t*r 


EXPLANA  TION 


1  =  Shot.  C  -  Churn 

l  *  Bottom  of  coting 

Bx  -  2-3/8'',  Nx  -  3" 

Bx  -  1-5/8”.  N«  -  2-1/8" 
Bx  =  2-7/1",  Nx  -  3-1/2" 
.  B>  -  2-3/8",  Nx  -  3" 


**  FT.  UNION  FORMATION 


Rattlesnake  Butte  Study  Area 

'  TficTc'in'sb'n  tToalTiel’d'  ' 


PROJECT  No  ;,22  STATE.1 


.  OF  .  2.  .  HOLE  NO 


Dopth  on  logs  In 
Multiply  foot  by 


foot. 

0.3048  to  obtoln  motors. 


UNITED  STATES 
department  of  the  interior 

WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  79-110 


GEOLOGY _  L_  PARISH _  FIELD  APPROVAL _ 

OR  AWN _  TECH  APPROVAL _ 

CHECKED _  APPROVED^ _ 

BILL  IN  GS,MONTA  N A  FEBRUARY  1961  I  i -5  c  r\  F\  CiCA 

SHEET  I  OF  I  |  I  QUO  ~OUU  ~  C.  0*1 


Plate  22 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Rattlesnake  Butte  Study  Area 

feature  .  Alckln&an.  .Coal.f.l^.ljl . project.  .EMRIA  No...  .22 . state.  North.  Pakpfa. 

hole  noDH79-U1  location .L2£'S.&1A50.'£..  of.  N..W...  Corner  Bi  .  „  .  , 

HOLE  NO.  .q  .  .  .AAA  .  4^  T  jj  ^  ^^?0UN0  ELEV  •  £ . 0IP  (ANGLE  FROM  HORIZ  )  Vertical. 

BEGUN  .3-;22-:7.9  .  .  .  FINISHED.  .3-.ZZ-.7.9.  .  DEPTH  OF  OVERBUROEN .  DEPTH.  .1A4.*A\  .  BEARING . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING. 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


Drill 

Failing  1500  truck- 
mounted  . 


TYPE 

AND 

SIZE 


Method 


Bx  casing  drive 
samples  0-10'. 
Fishtail  wash  10- 
11'.  Hq  wireline 
core  11-184.5' . 
Water  and  Revert 
used  as  drill  fluid 
No  water 
loss  noted. 

Casing  Record 

None  used. 


Progress  Record 

Depth  Date 
0-134.5'  3-22-79 

134.5-184.5'  3-23-7 


Hole  Completion 
Hole  backfilled 
with  concrete 
3-23-79. 

Water  Levels 


Taken  before  hole 
was  completed. 


SENTINEL  BUTTE  MEMBER -  PALEOCENE** 

0-20. 3'  SHALE:  grayish  brown;  moist; 

I  firm;  cuts  easily  with  knife;  weathered 
oxidized;  very  sandy  9-15';  weak  HC1 
reaction;  bedding  nearly  horizontal; 

I  core  lengths  to  15". 

0-0.5'  TOPSOIL  -  dark  brown. 

I  20.3-28.7'  COAL;  brownish  black;  damp; 
hard;  brittle. 

28.7-32.0'  CLAYEY  SANDSTONE:  brownish 
gray;  damp;  crumbly;  fine  grained; 
carbonaceous  and  shaley  near  top;  no 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  10". 

32.0-34.5'  SANDY  SHALE:  light  gray; 
damp;  firm;  cuts  easily  with  knife; 
weak  HC1  reaction;  bedding  not  dis¬ 
cernible;  core  lengths  to  14". 
34.5-124.5'  SANDSTONE:  light  gray; 


moist;  uncemented;  crushes  easily  -  some 
loose;  fine  grained;  a  few  thin  clayey 
zones;  no  HC1  reaction;  most  bedding 
nearly  horizontal;  core  lengths  to  24". 
86.0-86.3'  COAL  -  black;  soft; 
crushed;  IV'  diameter  pyrite 
nodule  at  bottom. 

124.5-125.9'  CARBONACEOUS  SHALE:  dark 
gray;  damp;  firm;  cuts  with  difficulty; 
plastic;  air  slakes;  no  HC1  reaction; 
bedding  not  discernible;  core  lengths 
to  3". 

125.9- 129.7'  COAL:  brownish  black; 
damp;  brittle;  woody;  shaley. 
129.7-147.0'  SANDY  SHALE:  medium  gray; 
moist;  soft  to  firm;  cuts  easily  with 
knife;  laminated  with  sandstone  in 
some  zones;  carbonaceous  and  plastic 
near  bottom;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  12". 
147.0-149.4'  COAL:  black;  damp;  hard; 
brittle. 

147.4-148.2'  shaley  zone  with 
about  IV  of  light  gray  bentonite. 
149.4-159.0'  SHALE:  medium  gray;  damp; 
firm;  trims  with  some  difficulty; 
scattered  sandy  zones  -  very  fine 
grained;  carbonaceous  near  bottom;  weak 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  36". 

159.0-165.9'  COAL:  black;  damp;  hard; 
brittle. 

165.9- 175.0'  CARBONACEOUS  SHALE  WITH 
COAL:  dark  gray  to  black;  damp;  con- 

slsts  of  dark  gray  plastic  shale  and 
numerous  hard  brittle  coal  layers  up 
to  2"  thick;  unit  probably  is  about 
2/3  shale  and  1/3  coal  by  volume; 
numerous  slickensided  core  breaks; 


T yp*  of  Kola . 

Hoi*  **ol*d . 

Appro>.  tin  of  Kola  (X-iorioa)  ■  • 
Appro*,  silo  of  eoro  (X-»*rl*»)  •  • 
Outildi  di*.  of  cosing  (X-soriot). 

if  cosing  (X-ioriol) 


EXPLANA  TION 


-  Diamond,  H  -  Hoy, tail  it*.  S  -  Shot.  C  -  Churn 
■  Pocksr,  Cm  ■  Comantod,  Cs  •  Bottom  of  cosing 
.  -  1-1/2",  A*  -  1-7/8",  B»  -  2-3/8",  N*  -  3" 

.  o  7/8".  A,  .  1-1/8”,  B»  -  1-5/8",  N.  -  2-1/8" 

,  =  1-13/18".  A,  =2-1/4".  B.  =  2-7/8",  N.  -  3-1/2" 

■  -  1-1/2",  A,  .  1-29/32”,  B,  -  2-3/8",  N*  -  3" 


**FT .  UNION  FORMATION 


•  PROJECT  .  .  EMRIA.  No.  .  ?2 ,  STATE  .  N.* .  P®K* .  .  SHEET  .1  . 


Burtsu  of  R,c 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET,  .  .  .2  .  .  OF.  .  .2  . 


Rattlesnake  Butte  Study  Area 

feature  .  Dickinson.  Coalfield . project.  .  EMFIA.No, .  22 

location120!S.&1850!E. .of ,N.W. .Corner 


hole  no.  DH79rlll . 


2590!  .±. 


4, .T,. 149. N,,.  .R,98tf.*OUNOELE' 

BEGUN  .37??7??.  .  FINISHED.  9t?3t?9  .  DEPTH  OF  OVERBURDEN .  DEPTH. 

DEPTH  AND  ELEV.  OF  WATER 


. state.  .North  .Dakota  . 

. DIP  (ANGLE  FROM  HORIZ  )  .Vertical  . 

.194*5!..  BEARING . 


icr  i  n  *rtu  CLCV.urwAiEK  c  „  _  „  ,  , 

LEVEL  AND  DATE  MEASURED.  .  ?®®.  Notes .  LOGGED  BY  .  .  P$ri90 . LOG  REVIEWED  BY. 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 


SCORE 
LOSS 

CORE 

RECOVERY 


TYPE 

AND 

SIZE 


OEPTH  ( FEET) 


PROM  TO 


£ 6 

100.0 


II 

124.5 

Minus 


£8_ 

149.4 


//9 

175.0 


147.0 

Coal 


bedding  nearly  horizontal;  core  lengths 
to  15". 

175.0-183.0’  CARBONACEOUS  SHALE:  dark 


gray;  damp;  firm;  cuts  with  some 

difficulty;  plastic;  air  slakes; 
scattered  slickensides;  bedding  not 
discernible;  no  HC1  reaction;  core 
lengths  to  18". 

181.5-181.7'  COAL  -  black;  brittle 
shaley. 

183.0-184.5'  CLAYEY  SANDSTONE:  light 
gray;  damp;  firm;  cuts  easily  with 
knife;  very  fine  grained;  no  HC1 
reaction;  bedding  not  discernible; 
core  lengths  to  10". 


147 


2431  159  -5=: 


*  2424.1  165. 9H 


2415  175  - 


190- 


EXPLANA  TION 


HofiT  fooled . 

Appro,,  ilx*  of  hole  (X-ior 
Appro,,  (no  of  cor*  (X-,*r 
Outtld*  dio.  of  co*ing  (X-» 

id*  dio.  of  coimg  (X  u 


Mi.nipn.Vi.fSliai.tufly 


....Da  Diamond.  H  •  Hayitallit*,  S  «  Shot,  C  ■  Ch 
■  P  ■  Poek*r,  Cm  -  C*m*nt*d,  C»  »  Bottom  of  to 
>«)  ..  E,  =  1-1/2",  A,  =  1-7/8",  B.  =  2-3/8", 

*)  .  E,  =  7/8",  A,  =  1-1/8",  B»  ■  1-5/8", 

i**).  E,  *  1-13/18",  A,  ■  2-l/d",  B,  =  2-7/8", 

»).  E,  =  1-1/2",  A,  «  1-29/32",  B.  =  2-3/8", 


Area 


project  .9MRIA.No,  .22  . .  state  ,N.  .Dak*.  .  .  sheet  .  .2.  .  of  .  hole  no.  PN79t111. 


94- 


Oepth  on  logs  in 
Multiply  fgg|  by 


taat. 

0.3048  to  obtoln  malar*. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  ANO  POWER  RESOURCES  SERVICE 
RESOURCE  ANO  POTENTIAL  RECLAMATION  EVALUATION 

rattlesnake  butte  study  area 

DICKINSON  COALFIELD  -  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  79-111 


GEOLOGY  L.  PARISH _  FIELD  APPROVAL 

DRAWN _  TECH  APPROVAL _ 

checked _ _ _  approved l _ 


BILLINGS,MONTANA  FEBRUARY  198  1 

_ _ SHEET  I  OF  I 


|  1305-600-  265 


Plate  23 


BEGUN  .  .1-2.61-79,  .  .  FINISHED.  3.-27-79.  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Failing  1500  truck- 
mounted. 


Method 


Bx  casing  drive 
iples  0-10' . 
Fishtail  wash 
10-11*.  Hq  wire- 
line  core  11-204.5'. 
Water  and  Revert 
used  as  drill  fluid. 
About  30Z  of  fluid 
lost  below  38' . 
Driller  had  trouble 
picking  up  core. 

Casing  Record 


tone  Used. 


Progress  Record 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  1  . 


Bwaau  of  IkImUIu 

Rattlesnake  Butte  Study  Area 

FEATURE  UlckiJVaPJL  CPflXfiRld . PROJECT.  FMWA  Ro...  n .  state  DekPt? 

HOLE  NODR79-112  LOCATION.  9P.  R-.  6.  120.' v...  of.  ?£. .  Copper  Vertical 

hole  no«i.  . .  A  A .  5jep...  J...  1.4f).  N..,.  K.  99.  W,  CR0UN0  ELEV  .  2635.  X . dip  (angle  from  horiz  )  Y?Frr??r.  . . 

DEPTH  OF  OVERBURDEN  .  -2..0.' .  DEPTH .  2.0.4.-5.'.  .  .  BEARING . . 


Depth  Date 
5-114.5'  3-26-79 
114.5-204.5'  3-27-75 

lole  Completion 


lole  backfilled 
rith  concrete 
3-27-79 . 

fater  Levels 


Taken  before  hole 
/as  completed. 


ncORE 

Uloss 

I  core 

RECOVERY 


SOILO  ANALYSIS 
SAMPLE  R 

depth  (FEET) 

PROM 

TO 

#1 

17.0  1 

0 

#2 

17.0 

34.3  1 

#3 

38.9 

58.0 

#4 

68.0 

"3870 

#5 

68.0 

78.5 

#6 

99.2 

“71175 

SENTINEL  BUTTE  MEMBER - PALEOCENE** 

0-34.3'  SANDSTONE:  brown  and  clayey 


4-34.3';  moist;  weathered;  ox- 
d;  loose  to  crumbly;  fine  grained; 


0-2.0'  TOPSOIL-  dark  brown. 

COAL:  black;  moist;  hard; 


SHALE :  medium  gray;  moist; 


CARBONACEOUS  SHALE:  dark 
ack;  damp;  firm;  trims  with 


bedding  nearly  horizontal;  core  lengths 
to  18". 

j68.0-78.5'  SHALE:  medium  gray;  damp; 
firm;  trims  with  some  difficulty;  plas¬ 
tic;  laminated;  a  few  pyrite  nodules;  no 
HC1  reaction;  bedding  nearly  horizontal; 
core  lengths  to  30". 

78.5-84.5'  CARBONACEOUS  SHALE:  dark 


gray  to  nearly  black;  damp;  trims  with 
some  difficulty;  plastic;  air  slakes; 
laminated;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 
79.5-80.5'  Several  slickensides 
dipping  about  45°. 

84.5-94.5’  SANDSTONE:  poor  recovery; 
medium  gray;  wet;  loose;  fine  grained; 

.o  HC1  reaction;  bedding  not  discernible. 
4.5-99.2'  SHALE:  medium  gray;  damp; 
firm;  trims  with  some  difficulty;  lam¬ 
inated;  no  HC1  reactioti;  bedding  nearly 
orlzontal;  core  lengths  to  18". 
99.2-119.5'  SANDSTONE:  medium  gray; 


tolst;  loose  to  crumbly;  fine  grained; 
o  HC1  reaction;  bedding  not  discern¬ 
ible;  core  lengths  to  14". 

119.5- 138.5*  SHALE:  medium  gray;  damp; 
firm;  trims  with  some  difficulty;  plas¬ 
tic;  air  slakes;  no  HC1  reaction;  bed- 

ing  nearly  horizontal;  carbonaceous 
ear  bottom;  core  lengths  to  24". 

136.4'  Slickensides  dipping  50°, 

138.5- 145.0'  COAL:  black;  damp;  hard; 
arittle . 

145.0-152.0' 


CARBONACEOUS  SHALE:  dark 


gray;  damp;  firm;  trims  with  some  dif¬ 
ficulty;  plastic;  air  slakes;  no  HC1 
reaction;  numerous  sllckensided  core 
reaks ;  bedding  nearly  horizontal;  core 
engths  to  8". 


EXPLANA  TION 


P  I  Po<TTr 

E«  -  1-1/2* 

Ai«  mf  c.l~  (X-s~l..).  Ex  -  5“  2  2  vf  *’  Nx  -  3 

U.ido  dio.  *  c..n«  (X-sorl«s).  ■  6.  -  1-1/2".  a.  -  l-W/32  .  Bx  -  2-3/8  .  H,  -  3 


|,  H  -  HoyslollitO.  S  -  Shot.  C  -  Churn 
Cm  *  CmmmN.  C»  -  Bottom  of  cosing 

Ax  »  1-7/8”.  Bx  -  2-3/8* *,  Nx  -  3 

.1-1/8”  B«  -  1-5/8”  N»  -2-1/8” 

-  2-7/8”.  N.  -  3-1/2” 


**FT .  UNION  FORMATION 


[sttleanake  Butte  Study  Area  mojfCT  .  KMRIA.So.  2?  state  if.- .  Ptk. .  . 

Dickinson  Coalfield 


SHEET  .1.  .  .  OF  .  3.  .  HOLE  NOUK79.-U2.  . 


FEATURE  3??Hn!$5k54iH!lttUdy."‘“  pR0JECT, EMRIA.NO.  .22 .  jjaTE  N°rth  IJsfeot;!! 

HOLE  HO.  W7W1?.  L°CATIOH.9Q'  .N,  :w,  .Q{J5E..CqTT.ernij>jn  "  pv  2635,± 


GEOLOGIC  LOG  OF  DRILL  HOLE 


OF.  .  3.  . 


!  i  4Q  *N  i  ,  'r, i.98  W.  GROUND  ELEV. 
BEGUN  ?726779 - FINISHED.  - DEPTH  OF  OVERBURDEN  .?,0! . 


....  DIP  (ANGLE  FROM  HORIZ  )  .Vertical  . 

TOTAL  on. 

DEPTH. ... .  BEARING . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


t 


TYPE 

AND 

SIZE 


DEPTH  (FEET) 


in 

~W72 


TT975 


//10 

165.0 


1711 

182.0 


2453 

2453 


119.5 

i2o-  r 


138.  £Z 


152.0-177.3'  SHALE:  greenish  gray; 
damp;  firm;  cuts  fairly  easily  with 
knife;  plastic;  a  few  sandy  zones, 
especially  near  bottom;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  18". 

154.0'  Slickensides  dipping  45°. 

163.0'  Slickensides  dipping  60°. 

164.2'  Slickensides  dipping  45°. 
177.3-181.8'  CLAYEY  SANDSTONE:  lam¬ 
inated  dark  gray  and  black;  damp;  edges 
of  core  crumble  fairly  easily;  fine 
grained;  numerous  carbonaceous  laminae 
no  HC1  reaction;  bedding  nearly  hori¬ 
zontal;  core  lengths  to  24". 

181.8-182.0'  COAL:  brownish  black; 
moist;  sandy;  soft. 

182.0-204.5'  SANDSTONE:  medium  gray; 
moist;  uncemented;  crumbles  easily; 
fine  grained;  no  HC1  reaction;  some 
crossbedding;  core  lengths  to  14". 


I 


EXPLANA  TION 


H^fo 

Approx,  si 
Approx,  si 
Outsldo  di 
Insido  dio.  of  cosing  ( 


ing  (X- 
>9  (X-s. 


.  .  D  •  Diomond,  H  ■  Hoystollito,  S  ■  Shot,  C 
..Pm  Pocksi.  Cm  ■  Csmsntod,  Cs  “  Bottom 
.  .Ex  -  1-1/2’*,  Ax  =  1-7/8*.  B«  =  2-3 

.  .  Ex  -  7/8**,  A,  .  1-1/8’*,  Bx  xr  1-5 

i).  Ex  =  1-13/18  *,  Ax  ■  2-1/4’*,  Bx  =  2-7 

.  E«  =  1-1/2".  Ax  -  1-29/32".  B«  -  2-3 


FEATURE  RaC.t.1.e.8"a.ke.  .B.U.tC.e.  ,St.U.d.y.^rf® . PROJECT  .  ,N°  *.  22  .  STATE  .N;  .Dak.  SHEET  2 

’  tifckinaon  'Coalfield 


OF  .  3  •  HOLE  no.D 


Dickinson  Coalfield 


Dopth  on  logo  in 
Multiply  foot  by 


foot. 

0.3048  to  obtain  motor*. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  ANO  POWER  RESOURCES  SERVICE 
RESOURCE  ANO  POTENTIAL  RECLAMATION  EVALUATION 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 

GEOLOGIC  LOG  OF  DH  79-112 


GEOLOGY _  L  PARISH 

DRAWN_ _ 

CHECKED_ 


FIELD  A  PPROVAL_  _ 

TECH  APPROVAL, _ 

A  PPftOVED__ 


BILL  INGS,MONTANA  FEBRUARY 

_ _ SHEET  I  OF  I 


1981 


|  1305-600-266 


Plate  24 


B  Of  RtClUIIK 


GEOLOGIC  LOG  OF  DRILL  HOLE 


FEATURE 
HOLE  HO  QH. 79-1 1.3 


.  PROJECT.  JD®IA  NO.  22  STATE.  North  P?kota 

LOCATION  .2PP®.'K*.  A.  !P9.\  y.-.  .°.f  Corner  ,+  „  ,  , 

SV.  10.  T.  140  N-  R-  99  W.  CROUNO  ELEV.^oOR  — . . DIP  (ANGLE  FROM  HORJZ  ) 


•  A~A~79 . DEPTH  OF  OVERBURDEN  A -5.' .  DEPTH  .2.0.4. .  .  .  BEARING.  - 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


Drill 

Failing  1500  truck - 
iunted. 


TYPE 

AND 

SIZE 


Driller 


.V.  Shaw 
Method 


Bx  casing  drive 
samples  0-10'. 
Fishtail  wash 
10-12'.  Hq  wire- 
line  core  12-204.5'. 
Water  used  as  drill 
fluid.  No  water 
loss  noted. 

Casing  Record 


He 


None  Used. 


Progress  Record 


Depth  Date 
0-101.0'  3-28-79 
101.0-204.5'  3-29-7 
Backfilled  4-3-79 

Hole  Completion 


Hole  backfilled 
with  concrete 
4-3-79 . 

Water  Levels 


Taken  before  hole 
was  stabilized. 
*epth  Date 

2.5’  3-29-79 

9.0’  4-3-79 


OCPTR  (FEET) 


_#4_ 

87.6 


2664.7 

2664.2 


2651.5  28.5  . — 


0-15.3'  CLAYEY  SANDSTONE:  poor  recovery 


light  gray;  damp;  firm;  cuts  easily  with 
knife;  weathered;  oxidized;  fine  grained 
some  caliche  near  10';  generally  weak 
HC1  reaction;  bedding  not  discernible; 
core  lengths  to  5". 

0-0.5  TOPSOIL-  brown. 

15.3-15.8'  COAL;  highly  weathered; 
brownish  black;  moist;  soft;  crumbled; 
almost  like  black  dirt. 

15.8-28.5'  SHALE:  medium  brownish  gray; 
damp;  firm;  cuts  easily  with  knife; 
oxidized;  very  weak  HC1  reaction;  bed¬ 
ding  nearly  horizontal;  core  lengths  to 
15". 

28.5-53.0'  SANDY  SHALE:  medium  gray; 


2617  63  : - 


damp;  firm;  cuts  easily  with  knife; 
laminated;  no  HC1  reaction;  some  cross 
bedding  but  most  bedding  nearly  hor¬ 
izontal;  scattered  slickensides  and 
distorted  coaly  laminae  42-44';  core 
lengths  to  12". 

53.0-63.0'  COAL:  black;  damp;  hard; 
brittle . 

63.0-86.8'  SHALE:  medium  to  dark  gray; 
damp;  firm;  varies  from  easy  to  cut 
with  knife  near  top  to  difficult  to  cut 
near  bottom;  no  HC1  reaction;  scattered 
—  - —  laminated  sandy  zones;  bedding  nearly 
—  -  horizontal;  core  lengths  to  20". 

84.0-86.8'  Carbonaceous-  dark  gray 

86.8- 87.6'  COAL;  brownish  black;  damp; 
hard;  brittle. 

87.6-94.5'  SHALE:  medium  gray;  moist; 
firm;  cuts  easily  with  knife;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  4" . 

94.5-98.8'  SANDSTONE;  light  gray;  damp; 
uncemented;  edges  break  easily;  fine 
grained;  no  HC1  reaction;  coaly  laminae 
98.3-98.5';  bedding  usually  nearly  hor¬ 
izontal;  core  lengths  to  18". 

98.8- 101.0'  CALCAREOUS  SANDSTONE: 


230.5  94.5 


2581.2  98.8  - 


light  gray;  dry;  hard;  fine  grained; 
strong  HC1  reaction;  bedding  not  dis¬ 
cernible;  core  lengths  to  10". 
101.0-102.6'  COAL  and  SANDSTONE:  thinly 


laminated  coal  and  sandstone  layers; 
damp;  fine  grained;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  6" . 

102.6-113.1  SHALE:  medium  gray;  damp; 
firm;  trims  fairly  easily  with  knife; 

;  plastic;  no  HC1  reaction;  bedding  near- 

Z  ~~  ly  horizontal;  core  lengths  to  16". 

113.1-113.5*  COAL:  black;  damp;  hard; 


brittle . 


HE 


I: 


EXPLANATION 


Tr»*  of  Mil  . D  -  Diamond.  H  -  Hayotollito  S  -  «*®».  C  -  Chum 

iirr u<j  . p  -  Pock...  ^ .  c— c.  -  B*t.o« 

Approx.  ..>•  .1  Kolo  (X-tor.o.)  Ex  -  11/?”.  A.  -  J-J/J. 

Appro.  tit.  of  co..  (X-»oriot)  Ex  -  7/1 '  .  Ax  “ 

Outudo  4*0-  of  eetmg  (X-«o»iot).  Ex  »  1-13/1 f 
Inti  At  dig,  of  eoting  (X-toriot) 


FT.  UNION  FORMATION 


.  .  1-1/2”. 


-  2-3/8".  Nx  -  3" 
-1-5/8".  Nx  -  2-1/8” 

_ 2-1/4"',  B>  -  2-7/8”,  N.  -  3-1/2" 

A.  -  1-28/32”.  B«  -  3-3/8".  H«  -  3" 


Rattlesnake  Butte  Study  Area  PROJECT  PWIA.  •  STATE  N.-.  P?K.-.  .  .  SHEET  A  .  .  OF  .  ?.  .  HOLE  NO.P*1.79.-!!?  . 


Dickinson  Coalfield 


Surtau  of  R*c 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  . 2.  .  .  OF.  .  3?. 


FEATURE 


PROJECT.  .RNWA.Np,.?? . STATE.  .North  .Dakota  . 

um  c  tin  DH79— 113  location2Q00!  ,N.  .6.100'  W,  .<?f.S5,  .Corner  9Aftn'+  „  ’  ’ 

HOLE  NO.  Pv/7.  -  sec.,10.  T.  140  tj,,  H,  8.  99  $?0UND ELEV  .  dip  (angle  from  horiz  )  VqttiQdl 


BEGUN  3r?.®r79.  ...  FINISHED.  ^r?7??.  .  .  DEPTH  OF  OVERBURDEN  .  Q.5' .  DEPTH  .  ?9^  :$!..  .  BE, 


ARING.  . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING, 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


DEPTH  (FEET) 


FROM  TO 


JL5_ 

102.6 


113.5 


in 

129.0 


08 

143.0 


09 

160.0 


010 

174.5 


SUITABILITY  FOR 
RECONSTRUCT  CO  PROFILE 


f 


I 


2577. 4|1 02. 6 


2566. 

2566. 


2559. 5 120'.2$ 


27.6 

129 

130- 


13.1 

13.5 


113.5- 120.5'  SHALE:  greenish  gray; 
moist;  firm;  trims  fairly  easily  with 
knife;  no  HC1  reaction;  bedding  not 
discernible;  core  lengths  to  24". 

120.5- 124.0'  SANDSTONE:  medium  gray; 
wet;  soft;  loose;  fine  grained;  no  HC1 
reaction;  bedding  not  discernible. 
124.0-127.6*  SHALE:  dark  grayjdamp; 
firm;  difficult  to  trim  with  knife; 
carbonaceous  and  plastic  near  bottom; 

no  HC1  reaction;  bedding  nearly  horizon¬ 
tal;  core  lengths  to  14". 

127.6- 129.0'  COAL:  brownish  black; 
damp;  hard;  woody;  brittle. 

129.0-143.0'  CLAYEY  SANDSTONE:  light 
gray;  moist;  firm;  cuts  easily  with 
knife;  fine  grained;  laminated  with  a 
few  widely  scattered  coal  layers;  no 
HC1  reaction;  bedding  nearly  horizontal; 
core  lengths  to  10" . 

143.0-200.5'  SANDSTONE:  medium  gray; 
wet;  loose  to  firm;  all  uncemented; 
scattered  clayey  zones;  fine  grained; 
no  HC1  reaction;  bedding  nearly  hor¬ 
izontal;  core  lengths  to  20". 
200.5-204.5'  SHALE  ?:  no  recovery; 
driller  reported  gray  shale  cuttings. 


SCORE 
LOSS 

CORE 

RECOVERY 


T yp*  of  nolo . 

Hoi#  toolod . 

Approx.  tizo  of  holo  (X-ttriot)  - 
Approx,  six#  of  coro  (X-toriot)  - 
Outtido  dio.  of  eoting  (X-sori#t) 
Intido  dio.  of  eoting  (X-tonot)  ■ 


EXPLANA  TION 


.  Diamond.  H  .  Hoytlollita.  S  -  Shot,  C  -  Churn 
-  Poekor,  Cm  —  Comonfad,  Ct  =  Bottom  of  eating 
,  =  1-1/2”.  A,  =  1-7/8".  Bx  =  2-3/8".  Nx  -  3" 

,  -  7/8".  ,  A,  .  1.1/8".  Bx  -  1-5/8".  Nx  -  2-1/8" 

1-13/18".  A«  .  2-1/4",  B>  =  2-7/8".  Nx  -  3-1/2” 


s  1-1/2", 


=  1-29/32". 


»  2-3/8", 


Nx  -  3" 
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UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
WATER  AND  POWER  RESOURCES  SERVICE 
RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

RATTLESNAKE  BUTTE  STUDY  AREA 
DICKINSON  COALFIELD  -  NORTH  DAKOTA 


GEOLOGIC  LOG  OF  DH  79-1 13 


GFOLOGY_L_PAR^SH_ _  FIELD  APPROVAL 

DRAWN _  TECH  APPROVAL___ 


Dapth  on  logs  In  f«st. 

Multiply  foal  by  0.3048  to  obtoln  molars. 


APPROVED L_ 


BILL  INGS.MON  TANA 


FEBRUARY  1981 


I  OC7 


Plate  25 


FEATURE  .  PROJECT.  .?«»»■!,  .77 .  STATE  Horth  Dakot, 

HOLE  HO  W79rll4.  L0CATI0H-5P.  .5;  .s.575'.  E,  of  NW,  Corner_ 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET.  .  .  1.  .  .  OF.  .  ,2.  . 


|tudy  Area 

.’$•  "& ’575 

.5??.  .22,  .X,  ,\40  N,,  .R,  .99  .1 


w .,  corner  ,4. 

.  99  W.  ground  elev.  2510  ,-t- .  dip  (angle  from  horiz  >  .Yettiesl  . 

1.0’ 


DEPTH  AND  ELEV.  OF  WATER  xt  _ 

LEVEL  AND  DATE  MEASURED  S?e  .Notes .  LOGGED  BY  ....  .  LOG  REVIEWED  E 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


SENTINEL  fiUTTfi  MT^rT- - PALEOCEflE*- 

0-10.8*  CLAYEY  SAND:  light  brown;  damp 
firm;  edges  of  core  crumble  easily; 
fine  grained;  weathered;  oxidized;  mod¬ 
erate  HC1  reaction;  bedding  not  discern¬ 
ible;  core  lengths  to  4". 

0-1.0'  TOPSOIL-  dark  brown. 
10.8-11.5'  COAL:  brownish  black;  moist 
very  soft;  like  black  dirt. 

11.5-40.7'  SHALE:  brownish  gray  to  14' 
medium  gray  14-40.7';  damp;  firm;  trims 
fairly  easily  with  knife;  plastic;  car¬ 
bonaceous  at  bottom;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  18". 

40.7-45.4*  COAL:  brownish  black;  damp; 
reasonably  hard;  brittle;  very  shaley 
below  43 ' . 

45.4-76.0'  CLAYEY  SANDSTONE:  medium 


gray;  damp;  firm;  edges  of  core  break 
easily;  very  clayey;  fine  grained;  no 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  24". 

76.0-90.5'  SHALE:  greenish  gray  to  82' 
medium  gray  82-90.5';  damp;  firm;  trims 
with  some  difficulty;  no  HC1  reaction; 
carbonaceous  at  bottom;  bedding  nearly 
horizontal;  core  lengths  to  18". 

90.5- 94.5'  COAL:  brownish  black;  damp; 
shaley;  hard;  brittle. 

94.5- 101.0'  COAL  and  SHALE:  brownish 


black;  damp;  reasonably  hard;  consists 
of  about  50%  dark  gray,  very  carbonace¬ 
ous,  plastic  shale  and  50%  brownish 
black  coal. 

101.0-109.6'  SANDY  SHALE:  medium  gray; 
damp;  firm;  trims  easily  with  knife; 
laminated;  no  HC1  reaction;  bedding 
nearly  horizontal;  core  lengths  to  18". 
109.6-110.2'  COAL:  brownish  black; 
damp;  hard;  brittle. 

110.2-121.4'  SANDY  SHALE;  light  to  med¬ 


ium  gray;  damp;  firm;  cuts  easily  with 
knife;  laminated;  zones  of  fine  grained 
sandstone;  carbonaceous  near  bottom;  no 
HC1  reaction;  bedding  nearly  horizontal 
core  lengths  to  20". 

121.4- 123.5'  COAL;  brownish  black; 
damp;  hard;  brittle. 

123.5- 127.2'  SANDY  SHALE:  light  gray; 


damp;  firm;  trims  with  some  difficulty; 
no  HC1  reaction;  bedding  not  discernible 
core  lengths  to  24". 

127.2-134.5'  CLAYEY  SANDSTONE:  light 
gray;  damp;  firm;  edges  of  core  break 
easily;  fine  grained;  no  HC1  reaction; 
mostly  crossbedded  with  dips  to  70°; 
core  lengths  to  12". 


Typo  of  Sol* 

Holo  tooled . 

Approx,  mi  of  holo  (X-torioi)  -  ■  E 
Approx,  olio  of  coro  (X-iorlot)  .  •  E 
•  ido  d*o.  of  co.ing  (X-aorios).  E 
o  dio.  of  coxing  (X-»orio.) 


.  Dlomond  H  .  Hoy  .toll  I  to,  S  -  Shot.  C  -  Churn 
■  Pochor,  Cm  •  Comontod,  C.  c  Bottom  of  co.ing 
=  1-1/2".  Ax  =  1-7/8",  Bx  =  2-3/8",  Nx  -  3" 

0  7/8  A*  *  1-1/8",  Bx  —  1-5/8",  Nx  -  2-1/8" 

=  1-13/M  .  A,  =  2-1/4",  B.  =  2-7/8",  Nx  -  3-1/2" 

=  1-1/2  .  A«  e  1-29/32".  B.  =  2-3/8",  Nx  -  3" 


FT.  UNION  FORMATION 
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Dickinson  Coalfield 


OF  .2  HOLE  no.  DU79t1  14  . 


Bur.ou  or  R.clemotlc 


tudy  Area 


GEOLOGIC  LOG  OF  DRILL  HOLE 


SHEET  .  .  2 .  .  .  OF  2. 


PROJECT.  .EMRIA  No .  22 


hoi  f  mo  DH79-114  location ,5Q '.S..  .&  .57.5 q£  HW..  .Corner  oai n'  + 

HOLE  NO  Dn  1 9 . 1 1 4  .  Sec.  22,  T.  140  N.,  R.  99  w.  GROUND  ELEV  .2610  X  . 


BEGUN  .4t3t79 .  . 


Sec.  2 
FINISHED.  A-A-J9. 


. STATE.  NpJ.th.  Dakp.ta.  . 

DIP  (ANGLE  FROM  HORIZ  )  .Vex.tl  Cfl.1 .  . 
DEPTH  OF  OVERBURDEN  UQ' .  DEPTH -UA  '..  .  BEARING . 

See  Notes  .  logged  by.  .  .Earish . log  reviewed  by . 


NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
DRILLING  CONDITIONS 


i: 


TYPE 

AND 

SIZE 


DEPTH  (PECTl 


in 

TUTJ5 


II 8 

i237T 


2509  >101  :  =. 


2488.6 

2486.5 


Typo  of  holo . 

Holo  tooled . 

Approx,  mo  of  holo  (X-.oi 
Approx,  tixo  of  coto  (X-.o* 
Out. ido  dlo.  of  coxing  (X-i 


»lr9  (*-« 


Rattlesnake  Butte  Study  Area 

Dickinson  Coalfield  . 


EXPLANA  TION 


....Dm  Diomond,  H  -  Hoy.tollito,  S  -  Shot.  C  -  Churn 
■  P  *  Pochor,  Cm  •  Comontod,  C.  x  Bottom  of  co.ing 
..)  ..  Ex  =  1-1/2”,  A*  =  1-7/8",  Bx- 2-3/8".  Nx  -  3" 

i.)  .  E«  -  7/8",  A,  «  1-1/8",  B«  -  1-5/8".  Nx  -  2-1/8" 

•io.)  Ex  =  1-13/14",  A, -2-1/4",  Bx  -  2-7/8",  N.  -  3-1/2" 

»*) •  •  Ex  =  1-1/2",  Ax  -  1-29/32",  Bx  -  2-3/8",  Nx  -  3" 


PROJECT  ..  No.  22  STATE  .  N...  Dak,.  SHEET  .2 


HOLE  NO  PH79~.UA  . 


Depth  on  logs  In  feat. 

Multiply  taat  by  0.3048  to  obtoln  meter*. 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS. 
CASING.  CEMENTING. 
CAVING.  AND  OTHER 
ORILLING  CONDITIONS 


T  YP  _ 
AND 
SIZE 


Drill 
Failing  1500  truck 
mounted . 

Driller 
R.V.  Shaw 

Method 

Bx  casing  drive 
samples  0-10 ' . 
Fishtail  wash 

10- 1 1 ' .  Hq  wire- 
line  core 

11- 124.5'.  Water 
and  Revert  used  as 
drill  fluid. 

40-502  of  fluid 
lost . 

Casing  Record 

None  used. 


Progress  Record 

Depth  Date 
0-94.5'  4-4-79 

94.5-124.5'  4-5-79 


Hole  Completion 

Hole  backfilled 
with  concrete 
4-5-79. 

Water  Level 
None  taken. 


yT 


101  us  ANALYSIS 
SAMPLE 

OePTM 

FEET) 

from 

0 

20.0 

112 

20.0 

44.4 

_ ILL 

44.8 

55.5 

nu 

58.2 

80.0 

H  5 

80.0 

100.0 

SENTINEL  BUTTE  MEMBER - PALEOCENE** 

0-2.0'  WEATHERED  SHALE  (TOPSOIL): 

brown;  damp;  crumbly;  organic;  no  HC1 
reaction;  bedding  not  discernible;  core 
lengths  to  3". 

2.0-44.4'  SANDSTONE:  light  brown; 
moist;  uncemented;  loose  to  firm;  ox¬ 
idized;  fine  grained;  very  weak  HC1 
reaction;  bedding  nearly  horizontal; 
core  lengths  to  12". 

44.4- 44.8'  COAL:  black;  damp;  hard; 
brittle . 

44.8-55.5'  SANDY  SHALE:  medium  gray; 
damp;  firm;  cuts  easily  with  knife; 
very  sandy;  laminated;  no  HC1  reaction; 
bedding  nearly  horizontal;  core  lengths 
to  20". 

55.5- 58.2'  COAL:  brownish  black;  damp; 
hard;  brittle;  woody. 

58.2- 60.2'  SANDY  SHALE:  light  gray; 
damp;  firm;  cuts  with  some  difficulty; 
no  HC1  reaction;  bedding  not  discern¬ 
ible;  core  lengths  to  15". 

60.2- 124.5'  SANDSTONE:  light  gray; 


moist;  uncemented;  varies  from  loose  to 
firm;  fine  grained;  laminated;  no  HC1 
reaction;  bedding  nearly  horizontal; 
core  lengths  to  20". 
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WEATHERING  TESTS 

Core  Samples  From  Rattlesnake  Butte,  North  Dakota 


Sample  I.D. 

Remarks 

Shale 

DH  78-101 

Depth  (ft)  24.0-25.0 
(R-l)* 

See  Photographs  6  and  11 

Laboratory  weathering:  Surface  slaking  and 
cracking  at  5  cycles.  Continued  slaking 
at  20  cycles. 

%BD  =  20 

Outdoor:  Surface  cracking  at  10  weeks. 

Shale 

DH  78-102 

Depth  (ft)  208.5-209.5 
(R-2) 

See  photographs  6  and  11 

Laboratory  weatherinq:  Slaking  at  5  cycles. 
Continued  slaking  at  20  cycles. 

%BD  =  35 

Outdoor:  Surface  peeling  at  10  weeks. 

Shale 

DH  79-105 

Depth  (ft)  26.5-27.5 
(R-3) 

See  photographs  6  and  11 

Laboratory  weathering:  Surface  cracking  and 
slight  slaking  at  5  cycles.  Continued 
slaking  at  20  cycles. 

%BD  =  19 

Outdoor:  Very  slight  surface  cracking 
at  10  weeks. 

Shale 

DH  79-105 

Depth  (ft)  215.0-216.0 
(R-4) 

See  photographs  7  and  12 

Laboratory  weatherinq:  Severe  slaking  at 

5  cycles.  Continued  slaking  at  20  cycles. 
%BD  =  57 

Outdoor:  Surface  peeling  at  10  weeks. 

Shale 

DH  79-106 

Depth  (ft)  59.0-60.0 
(R-5) 

See  photographs  7  and  12 

Laboratory  weathering:  Surface  cracking  at 

5  cycles.  Some  slaking  at  10  cycles, 

%BD  =  19 

Outdoor:  Surface  cracking  at  10  weeks. 

* 


Laboratory  sample  number 
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WEATHERING  TESTS 

Sample  I.D. 

Remarks 

Sandy  Siltstone 

DH  79-106 

Depth  (ft)  135.0-136.0 
(R-6) 

See  photographs  7  and  12 

Laboratory  weathering:  Swelling,  cracking 
and  slaking  at  5  cycles.  Continued  swelling 
and  slaking  at  20  cycles. 

%BD  =  76 

Outdoor:  Slight  surface  cracking  at  10 
weeks. 

Sandy  Shale 

DH  79-107 

Depth  (ft)  85.5-86.5 
(R-7) 

See  photographs  8  and  13 

Laboratory  weathering:  Slaking  at  5  cycles. 
Continued  slaking  at  20  cycles. 

%BD  =  24 

Outdoor:  No  change  at  10  weeks. 

Clayey  Sandstone 

DH  79-108 

Depth  (ft)  196.0-197.0 
(R-8) 

See  photographs  8  and  13 

Laboratory  weathering:  Minor  cracking  and 
slaking  at  5  cycles.  Cracking  and  slaking 
at  20  cycles. 

%BD  =  15 

Outdoor:  No  change  at  10  v/eeks 

Shale 

DH  79-109 

Depth  (ft)  8. 5-9. 5 
(R-9) 

See  photographs  8  and  13 

Laboratory  weathering:  Specimen  softens 
upon  wetting,  but  returns  to  a  hard 
state  after  drying.  Very  little  breakdown 
at  20  cycles.  Some  salt  leaching  noted  at 

20  cycles. 

%BD  =  6 

Outdoor:  Surface  cracking  at  10  weeks. 

Shale 

DH  79-109 

Depth  (ft)  106.0-107.0 
( R-10 ) 

See  photographs  9  and  14 

Laboratory  weathering:  Swelling  and  slaking 
at  5  cycles.  Continued  swelling  and  slaking 
at  20  cycles. 

%BD  =  31 

Outdoor:  Surface  peeling  at  10  weeks. 
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WEATHERING  TESTS 

Sample  I.D. 

Remarks 

Sandy  Shale 

DH  79-110 

Depth  (ft)  38.0-39.0 
(R-U) 

See  photographs  9  and  14 

Laboratory  weatherinq:  Crackinq  and  slakino 
at  5  cycles.  Continued  slaking  at  20  cycles, 
%BD  =  35 

Outdoor:  Sliqht  surface  crackina  at  10  weeks. 

Clayey  Sandstone 

DH  79-110 

Depth  (ft)  131.0-132.0 
(R-12) 

See  photographs  9  and  14 

Laboratory  weatherinq:  Crackinq  at  5  cycles. 
Very  little  change  at  20  cycles. 

%BD  =  9 

Outdoor:  No  chanqe  at  10  weeks. 

Shale 

DH  79-113 

Depth  (ft)  114.0-115.0 
(R-13) 

See  photographs  10  and  15 

Laboratory  weatherinq:  Severe  swell inq  and 
slaking  at  5  cycles.  Continued  swelling  and 
slaking  at  20  cycles. 

%BD  =  62 

Outdoor:  Surface  peel inq  at  10  weeks. 

Shale 

DH  79-114 

Depth  (ft)  32.0-33.0 
(R-14) 

See  photogrpahs  10  and  15 

Laboratory  weatherinq:  Mushroom  appearance 
at  5  cycles.  Slaking  and  cleaving  at  10 
cycles. 

%BD  =  39 

Outdoor:  No  chanqe  at  10.  weeks. 

Clayey  Sandstone 

DH  79-114 

Depth  (ft)  72.0-73.0 
(R-15) 

See  photographs  10  and  15 

Laboratory  Weatherinq:  Specimen  friable  at 

5  cycles.  Some  breakdown  at  20  cycles. 

%BD  =  47 

Outdoor:  Specimen  sliqhtly  friable  at 

10  weeks. 
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WEATHERING  TESTS 

Sample  I.D. 

Remarks 

Sandstone 

DH  79-103 

Depth  (ft)  70.0-71.0 
(R-16) 

Sample  not  tested.  It  was  already  broken 
down  when  received. 

%BD  =  100 

Sandstone 

DH  79-104 

Depth  (ft)  70.0-71.0 
(R-17) 

Sample  not  tested.  It  was  already  broken 
down  when  received. 

%BD  =  100 

Sandstone 

DH  79-106 

Depth  (ft)  170.0-171.0 
(R-18) 

Sample  not  tested.  It  was  already  broken 
down  when  received. 

%BD  =  100 

Sandstone 

DH  79-107 

Depth  (ft)  205.0-206,0 
(R-19) 

Sample  not  tested.  It  was  already  broken 
down  when  received. 

%BD  =  100 

Sandstone 

DH  79-111 

Depth  (ft)  72.0-73.0 
(R-20) 

Sample  not  tested.  It  was  already  broken 
down  when  received. 

%BD  =  100 
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Results  of  1-Year  Outdoor  Weathering  for  Core  Samples 
from  Rattlesnake  Butte,  North  Dakota 


Sample  I.D. 

Remarks 

Shale 

DH  78-101 

Depth  (ft)  24.0-25.0 
(R-l)* 

See  photograph  16 

Swelling  and  some  slaking  at  1  year 
%  BD  =  53 

%  Passing  No.  10  screen  =  17 

Shale 

DH  78-102 

Depth  (ft)  208.5-209.5 
(R-2) 

See  photograph  16 

Swelling  and  slaking  at  1  year 
%  BD  =  100 

%  Passing  No.  10  screen  =  40 

Shale 

DH  79-105 

Depth  (ft)  26.5-27.5 
( R-3) 

See  Photograph  16 

Swelling  and  slaking  at  1  year 
%  BD  =  100 

%  Passing  No.  10  screen  =  28 

Shale 

DH  79-105 

Depth  (ft)  215.0-216.0 
( R— 4) 

See  photograph  17 

Swelling  and  slaking  at  1  year 
%  BD  =  100 

%  Passing  No.  10  screen  =  21 

Shale 

DH  79-106 

Depth  (ft)  59.0-60.0 
(R-5) 

See  photograph  17 

Swelling  and  some  slaking  at  1  year 
%  BD  =  73 

%  Passing  No.  10  screetv  =  36 

Sandy  Siltstone 

DH  79-106 

Depth  (ft)  135.0-136.0 
(R-6) 

See  photograph  17 

Swelling  and  some  cleavage  cracking 
at  1  year 
%  BD  =  37 

%  Passing  No.  10  screen  =  25 

*  Laboratory  sample  number 


Table  4 
Sheet  2  of  3 


WEATHERING  TESTS 


Sandy  Shale 

DH  79-107 

Depth  (ft)  85.5-86.5 
(R-7) 

See  photograph  18 

Swelling  and  some  cracking  at 
%  BD  =  24 

%  Passing  No.  10  screen  =  23 

1  year 

Clayey  Sandstone 

DH  79-108 

Depth  (ft)  196.0-197.0 
(R-8) 

See  ohotograph  18 

Specimen  friable  at  1  year 
%  BD  =  32 

%  Passing  No.  10  screen  =  14 

Shale 

DH  79-109 

Depth  (ft)  8. 5-9. 5 
(R-9) 

See  photograph  18 

Swelling  and  some  slaking  at  1 
%  BD  =  38 

%  Passing  No,  10  screen  =  17 

year 

Shale 

DH  79-109 

Depth  (ft)  106.0-107.0 
(R-10) 

See  photograph  19 

Swelling  and  surface  cracking 
%  BD  =  30 

at  1  year 

%  Passing  No.  10  screen  =  21 

Sandy  Shale 

DH  79-110 

Depth  (ft)  38.0-39.0 
(R-ll) 

See  photograph  19 

Swelling  and  some  slaking  at  1 
%  BD  =  71 

%  Passing  No.  10  screen  =  27 

year 

Clayey  Sandstone 

DH  79-110 

Depth  (ft)  131.0-132.0 
(R-12) 

See  photograph  19 

Swelling  at  1  year 
%  BD  =  48 

%  Passing  No.  10  screen  =  30 

Shale 

DH  79-113 

Depth  (ft)  114.0-115.0 
(R-13) 

See  photograph  20 

Swelling  and  slight  slaking  at 
%  BD  =  26 

1  year 

%  Passing  No.  10  screen  =  22 
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WEATHERING  TESTS 

Shale 

DH  79-114 

Depth  (ft)  32.0-33.0 
(R-14) 

See  photograph  20 

Swelling  and  slight  surface  cracking 
at  1  year 
%  BD  =  12 

%  Passing  No.  10  screen  =  12 

Clayey  Sandstone 

DH  79-114 

Depth  (ft)  72.0-73.0 
(R-15) 

See  photograph  20 

Swelling  and  some  cleavage  cracking 
at  1  year 
%  BD  =  54 

%  Passing  No.  10  screen  =  41 

. 


Jz 
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Photopraph  6 


b.  Condition  of  test  specimens  after  weathering. 

Photo  6  -  Results  of  weathering  tests  for  shale  samples  R-l,  R-2, 
and  R-3  subjected  to  20  laboratory  weathering  cycles. 


Photograph  7 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering 

Photo  7  -  Results  of  weathering  tests  for  shale  samples  R-4  and  R-5, 

and  sandy  siltstone  sample  R-6  subjected  to  20  laboratory  weathering 
cycles . 
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Photograph  8 


b.  Condition  of  test  specimens  after  weathering. 

Photo  8  -  Results  of  weathering  tests  for  sandy  shale  sample  R-7, 

clayey  sandstone  sample  R-8,  and  shale  sample  R-9  subjected  to  20 
laboratory  weathering  cycles. 


Photograph  9 


-/ 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  9  -  Results  of  weathering  tests  for  shale  sample  R-10,  sandy 
shale  R-ll,  and  clayey  sandstone  sample  R-12  subjected  to  20  laboratory 
weathering  cycles. 


Photograph  10 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering. 

Photo  10-  Results  of  weathering  tests  for  shale  samples  R-13,  and 
R-14,  and  clayey  sandstone  sample  R-15  subjected  to  20  laboratory 
weathering  cycles. 


Photograph  11 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  11  -  Results  of  weathering  tests  for  shale  samples  R-l,  R-2, 
and  R-3  subjected  to  10  weeks  of  outdoor  exposure. 


Photograph  12 


- . 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  12  -  Results  of  weathering  tests  for  shale  samples  R-4  and  R-5, 
and  sandy  siltstone  sample  R-6  subjected  to  10  weeks  of  outdoor 
exposure. 
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Photograph  13 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering . 

Photo  13  -  Results  of  weathering  tests  for  sandy  shale  sample  R-7, 
clayey  sandstone  sample  R-8,  and  shale  sample  R-9  subjected  to  10  weeks 
of  outdoor  exposure. 


Photograph  14 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  14  -  Results  of  weathering  tests  for  shale  sample  R-10,  sandy 
shale  R-ll,  and  clayey  sandstone  sample  R-12  subjected  to  10  weeks 
of  outdoor  exposure. 
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Photograph  15 
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a.  Original  condition  of  test  specimens." 


b.  Condition  of  test  specimens  after  weathering. 

Photo  15  -  Results  of  weathering  tests  for  shale  samples  R-13  and 
R-14,  and  clayey  sandstone  sample  R-15  subjected  to  10  weeks  of  out¬ 
door  exposure. 


Photograph  16 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  16-  Results  of  weathering  tests  for  shale  samples  R-l,  R-2, 
and  R-3  subjected  to  1  year  of  outdoor  exposure. 
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Photograph  17 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  17  -  Results  of  weathering  tests  for  shale  samples  R-4  and  R-5, 
and  sandy  siltstone  sample  R-6  subjected  to  1  year  of  outdoor 
exposure. 


Photograph  18 


b.  Condition  of  test  specimens  after  weathering. 

Photo  18  -  Results  of  weathering  tests  for  sandy  shale  sample  R-7, 
clayey  sandstone  sample  R-8,  and  shale  sample  R-9  subjected  to 
1  year  of  outdoor  exposure. 


Photograph  19 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering,- 


Photo  19  -  Results  of  weathering  tests  for  shale  sample  R-10,  sandy 
shale  R- 11,  and  clayey  sandstone  sample  R- 12  subjected  to  1  year  of 
outdoor  exposure. 


Photograph  20 


a.  Original  condition  of  test  specimens. 


b.  Condition  of  test  specimens  after  weathering. 

Photo  20  -  Results  of  weathering  tests  for  shale  samples  R-13  and 
R-14 ,  and  clayey  sandstone  sample  R-15  subjected  to  1  year  of  outdoor 
exposure . 


APPENDIX  C 
COAL  RESOURCES 


COAL- 


Origin 

Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more  than  50 
percent  by  weight  and  more  than  70  percent  by  volume  of  carbonaceous  material, 
formed  from  compaction  or  induration  of  variously  altered  plant  remains  similar 
to  those  of  peaty  deposits.  Differences  in  the  kinds  of  plant  materials  (type) , 
in  degree  of  metamorphism  (rank) ,  and  range  of  impurity  (grade)  are  characteris¬ 
tics  of  the  varieties  of  coal"  (Schopf,  1966,  p.  588).  Inherent  in  the  definition 
is  the  specification  that  the  coal  originated  as  a  mixture  of  organic  plant  remains 
and  inorganic  mineral  matter  that  accumulated  in  a  manner  similar  to  that  in  which 
modern-day  peat  deposits  are  formed.  The  peat  underwent  a  long,  complex  process 
called  "coalif ication" ,  during  which  diverse  physical  and  chemical  changes 
occurred  as  the  peat  changed  to  coal  and  as  the  coal  assumed  characteristics  by 
which  members  of  the  series  are  differentiated  from  each  other.  The  factors  that 
affect  the  composition  of  coals  have  been  summarized  by  Francis  (1961,  p.  2)  as 
follows : 

1)  The  mode  of  accumulation  and  burial  of  the  plant  debris  forming  the 
deposit. 

2)  The  age  of  the  deposits  and  their  geographical  distribution. 

3)  The  structure  of  the  coal-forming  plants,  particularly  details  of 
structure  that  affect  chemical  composition  or  resistance  to  decay. 

4)  The  chemical  composition  of  the  coal-forming  debris  and  its 
resistance  to  decay. 

5)  The  nature  and  intensity  of  the  plant-decaying  agencies. 

6)  The  subsequent  geological  history  of  the  residual  products  of  decay 
of  the  plant  debris  forming  the  deposits. 

These  factors,  are  discussed  in  greater  detail  by  Moore  (1940),  Lowry  (1945), 
Tomkeieff  (1954),  Francis  (1961),  and  Lowry  (1963). 

Classification 

Coals  are  classified  in  many  ways  (Tomkeieff,  1954,  p.  9;  Moore,  1940,  p.  113,; 
Francis,  1961,  p.  361),  but  the  classification  by  rank,  that  is,  by  degree  of 
metamorphism  in  the  progressive  series  that  begins  with  peat  and  ends  with 
graphocite  (Schopf,  1966),  is  the  most  commonly  used  system.  Classification 
by  types  of  plant  materials  is  commonly  used  as  a  descriptive  adjunct  to  rank 
classification  when  sufficient  megascopic  and  microscopic  information  is 
available,  and  classification  by  type  and  quantity  of  impurities  (grade)  is 
also  frequently  used  when  utilization  of  the  coal  is  being  considered.  Other 
categorizations  are  possible  and  are  commonly  employed  in  discussion  of  coal 
resources.  Factors  such  as  density  of  the  coal,  thickness  and  areal  extent  of 


1/  Supplement  to  Coal  Resources  Section. 
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individual  coal  beds,  and  the  thickness  of  overburden  are  generally  considered. 

Rank  of  Coal 

The  position  of  a  coal  within  the  metamorphic  series,  which  begins  with  peat 
and  ends  with  graphocite,  is  dependent  upon  temperature  and  pressure  to  which 
the  coal  has  been  subjected  and  the  duration  of  time  of  subjection.  Because 
it  is,  by  definition,  largely  derived  from  plant  material,  coal  is  mostly 
composed  of  carbon,  hydrogen,  and  oxygen  along  with  smaller  quantities  of 
nitrogen,  sulfur,  and  other  elements.  The  increase  in  rank  of  coal  as  1 
undergoes  progressive  metamorphism  is  indicated  by  changes  m  the  proportions 
of  the  coal  constituents;  for  example,  the  higher  rank  coals  have  more  carbon 
and  less  hydrogen  than  the  lower  rank  coals. 

Two  standardized  forms  of  coal  analyses— the  proximate  analysis  and  the 
ultimate  analysis— are  generally  used,  although  sometimes  only  the  less 
complicated  and  less  expensive  proximate  analysis  is  made.  The  analyses  are 
described  as  follows  (U.S.  Bureau  of  Mines,  1965,  p.  121-122): 

The  proximate  analysis  of  coal  involves  the  determination  of  four 
constituents:  (1)  water,  called  moisture;  (2)  mineral  impurity 

called  ash,  left  when  the  coal  is  completely  burned;  (i)  volatile 
matter,  consisting  of  gases  or  vapors  driven  out  when  coal  is  heated 
to  certain  temperatures;  and  (4)  fixed  carbon,  the  solid  or  cokelike 
residue  that  burns  at  higher  temperatures  after  volatile  matter  has 
been  driven  off.  Ultimate  analysis  involves  the  determination  of 
carbon  and  hydrogen  as  found  in  the  gaseous  products  of  combustion, 
the  determination  of  sulfur,  nitrogen,  and  ash  in  the  material  as  a 
whole,  and  the  estimation  of  oxygen  by  difference. 

Most  coals  are  burned  to  produce  heat  energy,  and  so  the  heat  of  combustion  of 
the  coal  is  an  important  property.  The  heat  of  combustion  (calorific  value) 
is  commonly  expressed  in  British  thermal  units  (Btu)  per  pound:  one  Btu  is 
the  amount  of  heat  required  to  raise  the  temperature  of  1  pound  of  water  1 
degree  fahrenheit  (in  the  metric  system,  heat  of  combustion  is  expressed  m 
kilogram-calories  per  kilogram).  Additional  tests  are  sometimes  made, 
particularly  to  determine  the  caking,  coking,  and  other  properties,  such  as 
tar  yield,  which  affect  classification  or  utilization. 

Figure  1  compares,  in  histogram  form,  the  heat  of  combustion  and  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and  used, 
but  the  most  commonly  employed  is  that  entitled,  "Standard  specifications 
for  classification  of  coals  by  rank,"  adopted  by  the  American  Society  for 
Testing  and  Materials  (1977)  (Table  5). 

The  ASTM  classification  system  differentiates  coals  into  classes  and  groups 
on  the  basis  of  mineral-matter-free  fixed  carbon  or  volatile  matter  and  the 
heating  value,  supplemented  by  determination  of  agglomerating  (caking) 
characteristics.  As  pointed  out  by  the  ASTM  (1977,  p.  216),  a  standard  ran 
determination  cannot  be  made  unless  the  samples  were  obtained  in  accordance 
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Figure  i 


16,000 


Fig.  I  — Comparison  (on  moist,  minera  I—  matter  - 
free  basis)  of  heat  values  of  combustion  and 
proximate  analyses  of  coal  of  different  ranks. 

(from  Averitt,  1975,  p.  17) 


Table  5  —Classification  of  coals  by  rank1 

[American  Society  for  Testing  and  Materials  Standard  D388-66  (Reapproved  1972);  1  Dtu  equals  0.232  kilogram-calories] 


Class 

Croup 

Fixed  Carbon 

Limits,  percent 
(Dry,  Mineral- 
Matter-Free  Basis) 

Volatile  Matter 
Limits,  percent 
(Dry,  Mineral 
Matter-Free  Basis) 

Calorific  Value  Limits. 
Btu  per  pound  (Moist, 
Mineral-Matter- 
Free  Basis) 

Agglomerating  Character 

Equal  or 
Greater 
Than 

Less 

Than 

Creater 

Than 

Equal  or 
Less 
Than 

Equal  or 
Greater 

Than 

Less 

Than 

1. 

Meta-anthracite 

98 

... 

2 

... 

1. 

Anthracite 

2. 

Anthracite 

92 

98 

2 

8 

— 

— 

nonagglomerating 

3. 

Semianthracite3 

86 

92 

8 

14 

— 

--- 

J 

1. 

Low  volatile  bituminous  coal 

78 

86 

14 

22 

> 

2. 

Medium  volatile  bituminous 

coal 

69 

78 

22 

31 

— 

— 

II. 

Bituminous 

3. 

High  volatile  A  bituminous 

coal 

— 

69 

31 

— 

14  0001* 

— 

commonly  agglomerating5 

A. 

High  volatile  B  bituminous 

coal 

— 

— 

— 

- — 

13  0004 

14  000 

3. 

High  volatile  C  bituminous 

coal 

— 

— 

» — 

— - 

f  11  500 

13  000 

{  10  500 

11  500 

agglomerating 

1. 

Subbituminous  A  coal 

10  500 

11  500 

> 

III. 

Subbituminous 

2. 

Subbituminous  B  coal 

— 

— 

— 

9  500 

10  500 

3. 

Subbituminous  C  coal 

— 

8  300 

9  500 

>  nonagglomerating 

1. 

Lignite  A 

— 

— 

— 

— 

6  300 

8  300 

IV. 

Lignltlc 

2. 

Lignite  B 

6  300 

J 

'This  classification  does  not  include  a  few  coals ,  principally  nonbanded  varieties,  which  have  unusual'  physical  and  chemical  properties  and  which 
come  within  the  limits  of  fixed  carbon  or  calorific  valuo  of  the  high-volatile  bituminous  and  aubbituminous  ranks,  All  of  these  coals  either  contain 
less  than  48  percent  dry,  mineral-matter-free  fixed  carbon  or  have  more  than  15,500  moist,  mineral-matter-free  British  thermal  units  per  pound. 

* Hoist  refers  to  coal  containing  its  natural  inherent  moisture  but  not  including  visible  water  on  the  surface  of  the  coal. 

JIf  agglomerating,  classify  in  low-volatile  group  of  the  bituminous  class. 

wCo«la  having  69  percent  or  more  fixed  carbon  on  the  dry,  mineral-matter-free  basis  shall  be  classified  according  to  fixed  carbon,  regardless  of 
calorific  value. 

5It  is  recognized  that  there  may  be  nonagglomerating  varieties  in  these  groups  of  the  bituminous  class,  and  there  are  notable  exceptions  in  high 
volatile  C  bituminous  group. 
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with  standardized  sampling  procedures  (Schopf,  1960).  However,  nonstandard 
samples  may  be  used  for  comparative  purposes  through  determinations  desig¬ 
nated  as  "apparent  rank."  For  this  study  area  19  samples  analyzed  by  the 
U.S.  Department  of  Energy  show  heat  of  combustion  values  that  range  from 
4570  to  6220  Btu/lb  on  the  as-received  basis.  Based  on  these  data  the 
apparent  rank  of  the  coal  ranges  from  lignite  A  to  lignite  B. 

Type  of  Coal 

Classification  of  coals  by  type — that  is,  according  to  the  types  of  plant 
materials  present — takes  many  forms,  such  as  the  "rational  analysis"  of 
Francis  (1961)  or  the  semicommercial  "type"  classification  commonly  used 
in  the  coal  fields  of  the  eastern  United  States  (U.S.  Bureau  of  Mines,  1965, 
p.  123).  However,  most  of  the  type  classifications  are  based  on  the  same, 
or  similar,  gross  distinctions  in  plant  material  as  those  used  by  Tomkeieff 
(1954,  Table  II  and  p.  9),  who  divided  the  coals  into  three  series:  humic 
coals,  humic-sapropelic  coals,  and  sapropelic  coals,  based  upon  the  nature 
of  the  original  plant  materials.  The  humic  coals  are  largely  composed  of 
the  remains  of  the  woody  parts  of  plants  and  the  sapropelic  coals  are  largely 
composed  of  the  more  resistant  waxy,  fatty,  and  resinous  parts  of  plants, 
such  as  cell  walls,  spore-coatings,  pollen,  resin  particles,  and  coals 
composed  mainly  of  algal  material.  Most  coals  fall  into  the  humic  series, 
with  some  coals  being  a  mixture  of  humic  and  sapropelic  elements  and, 
therefore,  falling  into  the  humic-sapropelic  series.  The  sapropelic  series 
is  quantitatively  insignificant  and  when  found  is  commonly  regarded  as  an 
organic  curiosity.  In  common  with  most  of  the  U.S.  coals,  those  from  the 
Rattlesnake  Butte  EMRIA  study  site  fall  largely  in  the  humic  series. 

Grade  of  Coal 

Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the  content 
of  ash,  sulfur,  and  other  constituents  that  adversely  affect  utilization. 

The  ash  content  of  19  lignite  samples  from  the  Rattlesnake  Butte  study  site, 
on  the  as-received  basis,  ranges  from  5.5  to  25.9  percent,  averaging  10.6 
percent;  and  the  sulfur  content  ranges  from  0.3  to  3.0  percent,  averaging 
1.0  percent  (Table  6).  For  comparison,  the  ash  content  of  32  lignite  samples 
from  Dunn  County,  North  Dakota  (Hatch-  and  Affolter,  1978),  ranges  from  3.7  to 
19.8  percent,  averaging  8.4  percent;  and  the  sulfur  content  ranges  from  0.2  to 
2.6  percent,  averaging  1.1  percent. 
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Table  8 


Table  8 — Estimated  Identified  coal  resources  of  the  Heart  River  (TV)  lignite  bed  under 
0-50  feet  of  overburden.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake  Butte 

EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  1,  1080 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  **  0.305  meters;  1  short 

ton  *=  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured 

Indicated 

Inferred 

Location 

Thickness  of 
in  feet 
2V2-5  5-10 

coal 

>10 

Thickness  of 
in  feet 
2V2-5  5-10 

coal 

>10 

Thickness  of 
in  feet 
2V2-5  5-10 

coal 

>10 

Total 

T.  140  N.,  R. 

sec 

98  W. 

.  2 

0.075 

0.075 

4 

— 

1.37 

— 

— 

4.42 

— 

— 

0.329 

— 

6.12 

6 

0.461 

— 

1.91 

— 

2.67 

0.179 

— 

— 

— 

5.22 

8 

— 

.912 

— 

— 

4.00 

.305 

— 

— 

— 

5.22 

10 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

18 

— - 

— - 

1.43 

— 

— 

2.02 

— 

— 

— 

3.45 

20 

— 

.642 

— 

— 

3.86 

.263 

— 

— 

.401 

5.17 

22 

— 

.041 

— 

— 

— 

2.53 

— 

— 

1.34 

3.91 

26 

— 

.085 

— 

— 

3.56 

— 

— 

.520 

— 

4.16 

28 

— 

— 

— 

1.03 

.212 

— 

2.36 

— 

3.60 

30 

— 

— 

— 

— 

— 

- - 

— 

— 

— 

— 

32 

— - 

.804 

— 

— 

1.21 

— 

— 

— 

— 

2.01 

34 

— 

.628 

— 

— 

.124 

— 

— 

— 

— 

.752 

Township  total 

0.461 

4.56 

3.34 

— 

20.9 

5.51 

— 

3.21 

1.74 

39.7 

T.  140  N.,  R. 

sec 

99  W. 

.  2 

0.050 

3.38 

3.14 

6.57 

10 

— 

.962 

— 

— 

4.01 

— 

— 

.470 

— 

5.44 

12 

— 

— 

— 

— 

0.107 

— 

— 

.095 

— 

0.202 

14 

— 

— 

— 

— 

1.50 

— 

— 

1.06 

— 

2.56 

22 

0.418 

— 

— 

0.493 

— 

— 

— 

— 

— 

.911 

24 

— 

— 

— 

- - 

— 

— 

— 

— 

— 

— 

26 

— 

— 

0.133 

.165 

2.28 

— 

0.904 

1.23 

— 

4.71 

34 

— 

— 

1.15 

— 

— 

1.85 

— 

— 

2.95 

5.95 

Township  total 

0.418 

1.01 

1.28 

0.658 

11.3 

1.85 

0.904 

6.00 

2.95 

26.4 

T.  141  N.,  R. 

sec 

97  W. 

.  32 

.... 

_  ___ 

___ 

1.26 

_____ 

_____ 

2.67 

3.93 

Township  total 

— 

— 

— 

— 

— 

1.26 

— 

— 

2.67 

3.93 

T.  141  N.,  R. 

sec 

98  W. 

.  26 

0.198 

0.594 

0.792 

32 

— 

— 

— 

— 

4.17 

.809 

— 

0.283 

3.21 

8.47 

34 

— 

0.702 

— 

— 

.544 

1.48 

— 

— 

— 

2.73 

Township  total 

— 

0.702 

0.198 

— 

4.  71 

2.88 

— 

0.283 

3.21 

12.0 

Total 

0.879 

6.27 

4.82 

0.658 

36.9 

11.5 

0.904 

9.49  10.6 

82.0 

Table  9 


fTp3ders  / _ )  indicate  not  present.  In  millions  of  short  tons.  1  foot  -  0.305  meters;  1  short 

ton  *  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Thickness  of  coal 
in  feet 

2  V2  -5  5-10  >10 


Thickness  of  coal 
in  feet 
2  V2  -5  5-10  >10 


Thickness  of  coal 
in  feet 

2  l/2 -5  5-10  >10 


Total 


T.  140  N.,  R.  98  W. 

sec.  2 
4 
6 
8 

10 

14 

18 

20 

22 

26 

28 

30 

32 


_ 

2.61 

0.260 

— 

0.123 

_ - 

_ — 

— — 

— 

0.009 

_ 

1.01 

.546 

- - 

2.58 

_ 

_ _ 

_ — 

— 

.915 

— 

— 

1.22 

«... 

.685 

.031 

— 

2.70 

— - 

.073 

— 

— 

___ 

.223 

.609 

— 

.134 

.477 

— 

— 

— — 

_ 

.368 

1.44 

— 

3.42 

___ 

— 

— 

— 

.504 

____ 

— 

— 

— — 

— — 

7.77 


0.648 


3.25 

.499 

1.60 


.577 

2.57 


1.14 


1.18 


.011 


T.  140  N 


R.  99  W. 
sec.  2 
10 
12 
14 
22 
24 
26 


0.409 

.418 


0.144  - 


0.612 

2.85 


0.368  .421 

.233  .024 


0.169 

.044 

.045 


0.157  - 


2.28 


11.4 

3.26 

4.14 

1.41 
2.82 

3.42 
.073 

1.54 

4.19 

5.23 

1.68 

.011 


1.19 

3.31 

0.045 

.933 

.414 

2.28 


34 

— 

— 

— “““ 

Township  total 

0.144 

0.827 

— 

0.601 

3.91 

— 

0.157 

0.258 

2.28 

8.18 

T.  141  N.,  R.  97  W. 

sec.  32 

_ 

— — ~ 

— 

1.57 

— 

— 

0.393 

1.96 

Township  total 

— 

— 

— 

— 

1.57 

— 

— 

0.393 

1.96 

T.  141  N.,  R.  98  W. 

sec.  26 
32 
34 

— 

0.853 

0.292 

— 

0.622 

— 

— 

— 

— 

0.292 

1.47 

Township  total 

— 

0.853 

0.292 

— 

0.622 

— 

— 

— 

— 

1.77 

Total 

0.144 

7.06 

3.25 

0.601 

16.1 

12.5 

0.157 

6.79 

4.46 

51.1 

Table  10 


Table  10  -Estimated  Identified  coal  resources  of  the  Heart  River  (IV)  lignite  bed  under 
>100  f  eet  of  overburden.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake  Butte 

EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305  meters;  1  short 

ton  -  0.907  metric  ton.  a,  includes  .050  million  tons  with  >150'  overburden;  b,  includes  0.30 
million  tons  with  >150'  overburden;  numbers  are  rounded  to  three  significant  figures.] 


Measured 

Indicated 

Inferred 

Location 

Thickness  of 
in  feet 
2V2-5  5-10 

coal 

>10 

Thickness  of 
in  feet 
2  1/2-5  5-10 

coal 

>10 

Thickness  of 

in  feet 
2V2-5  5-10 

coal 

>10 

To  tal 

T.  140  N.,  R.  98  W. 

sec.  2 

0.892 

0.269 

0.552 

0.  718 

2.43 

4 

— 

— 

— 

— 

— 

— 

— 

0.125 

— 

0.125 

6 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

8 

— 

— 

— 

— 

— 

— 

- — 

— - 

— 

— 

10 

— 

— 

— 

— 

.367 

— 

— 

al.  22 

— 

1.59 

14 

_ — 

.787 

— 

— 

b.876 

— 

— 

— 

— 

1.66 

18 

— 

— 

— 

— 

— 

— 

— 

— 

___ 

20 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

22 

— 

— 

— 

— 

— 

.179 

— 

— 

— 

.179 

26 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

28 

— 

— 

— 

— 

.035 

— 

— 

— 

— 

.035 

30 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

32 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

34 

— 

- - 

— 

— 

— 

— 

— 

— 

— 

— 

Township  total 

— 

1.68 

— 

— 

1.55 

.731 

— 

1.34 

0.718 

6.02 

T.  140  N.,  R.  99 

sec. 

1  W. 

2 

10 

— 

0.322 

— 

— 

— 

— 

— 

— 

— 

0.322 

12 

— 

— 

— 

— 

— 

— 

■ - 

— 

— 

— 

14 

— 

— 

— 

— 

— 

— 

- — 

— 

— 

— 

22 

— 

— 

— 

.009 

— 

— 

— 

— 

— 

.009 

24 

— - 

— 

- - 

— 

— 

— 

— 

— 

— 

— 

26 

— 

— 

— 

.030 

— 

— 

— 

— 

— 

.030 

34 

— 

— 

- - 

- — 

— 

- . 

— 

- — 

— 

- — 

Township  total 

— 

0.322 

— 

0.039 

— 

— 

— 

— 

— 

0.361 

T.  141  N.,  R.  97 

sec. 

’  W. 

32 

— 

— 

— - 

— 

— 

— 

— 

— 

— 

- — 

Township  total 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

T.  141  N.,  R.  98 
sec. 

1  W. 

26 

32 

— 

0.024 

— 

— 

— 

— 

— 

— 

— 

0.024 

34 

— 

— 

— 

— 

— 

— 

— 

— 

— - 

— - 

Township  total 

— 

0.024 

— 

— 

— 

— 

— 

— 

— 

0.024 

Total 

2.03 

0.039 

1.55 

0.731 

1.34 

0.718 

6.41 

Table  11 


Table  H  —Summary  of  estimated  Identified  coal  resources  of 
lignite  bed.  Sentinel  Butte  Member,  Fort  Union  Formation,. 

EMRIA  study  site,  as  of  August  1, _ 1980 


the  Heart  River  (IV) 

Rattlesnake  Butte 


[Leaders  ( - )  indicate  not  present. 

meters.  1  short  ton  =  0.907  metric 
significant  figures.] 


In  millions  of  short  tons.  1  foot  -  0.305 
ton;  numbers  are  rounded  to  three 


T.  140  N. 

R.  98  W. 

T.  140  N. 

R.  99  W. 

T. 

R. 

141  N. 

97  W. 

T. 

R. 

141  N. 
98  W. 

Total 

Coal  bed  2  V2 

to  5  feet  thick 
Measured  resources 
Indicated  resources 
Inferred  resources 

0.461 

0.562 

1.30 

1.061 

- - 

— 

1.02 

1.30 

1.06 

Total 

0.461 

2.92 

— 

— — 

3.38 

Coal  bed  5-10  feet 
thick 

Measured  resources 
Indicated  resources 
Inferred  resources 

11.6 

34.0 

11. 1 

2.16 

15.2 

6.26 

— 

1.58 

5.33 

.283 

15.3 

54.5 

17.6 

Total 

56.7 

23.6 

— 

7.19 

87.5 

Coal  bed  >10  feet 
thick 

Measured  resources 
Indicated  resources 
Inferred  resources 

6.30 

17.1 

4.25 

1.28 

1.85 

5.23 

2.83 

3.06 

0.490 

2.88 

3.21 

8.07 

24.7 

15.7 

Total 

27.6 

8.36 

5.89 

6.58 

48.5 

Total  identified 

resources 

84.8 

34.9 

5.89 

13.8 

139. 

Table  12 


Table  12  —Estimated  Identified  coal  resources  of  the  Fryburg  (VIII)  lignite  bed  under 
0-50  feet  of  overburden.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake  Butte 
EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  **  0.305  meters;  1  short 

ton  *•  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured  Indicated  Inferred 


Thickness  of  coal  Thickness  of  coal  Thickness  of  coal 

in  feet  in  feet  in  feet 

Location  2  ty2  -5  5-10  >10  2  V2  -5  5-10  >10  2  V2  -5  5-10  >10  Total 


T.  140  N.,  R.  98  W. 

sec.  2  - 

4  - 

6 

8 

10  - 

14  - 

18  0.022 
20 
22 

26  - 

28 

30  - 

32 

34  - 


Subtotal  0.022  0.175  0.340  1.11  1.60  3.63  0.110  0.103  1.53  8.62 


T.  140  N.,  R.  99  W. 

sec.  2  -  - 

10  - 

12 

14  0.083 

22 - 

24  .379  .892 

26  - 

34  - 


Subtotal 

0.462 

0.892  - 

0.741 

4.07 

— 

0.009 

0.120 

— 

6.29 

T.  141  N. ,  R.  97  W. 

sec.  32 

— 

- -  - 

— 

— - 

— 

— 

— - 

— 

— - 

Subtotal 

— 

-  - 

— 

— 

— 

— 

— 

— 

— 

T.  141  N.,  R.  98  W. 

sec.  26 
32 
34 

— 

-  - 

— 

— 

— 

— 

— 

— 

— 

Subtotal 

— 

-  - 

— 

— 

— 

— 

— 

— 

— 

Total 

0.484 

1.07  0.340 

1.85 

5.67 

3.63 

0.119 

0.223 

1.53 

14.9 

0.153 

0.588 


0.009 


0. 162 
.671 


4.07 


0.120 


5.46 


1.11 


0.110  - 


1.24 


0.340 


0.175 


1.60 


3.22 

.406 


1.53 


0.103 


0.340 

4.93 

.406 

1.70 


Table  13 


fT  ,  , _ \  -indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305  meters;  1  short 

ea  ers  ^  =  0<g07  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Location 
T.  140  N.5  R.  98  W. 


Thickness  of  coal 
in  feet 

2  l/2 -5  5-10  >10 


Thickness  of  coal 
in  feet 

2  l/2  -5  5-10  >10 


Thickness  of  coal 
in  feet 

2V2-5  5-10  >10 


Total 


sec. 


.765 


2 

4  - 

6 

8  0.014 

10  - 

14  - 

18 
20 
22 
26 
28 
30 
32 
34 


1.07 


1.06 


0.059 


1.28 

2.30 

1.79 


3.46 

0.106 

1.25 


1.01 

1.49 
1.23 

3.49 
0.291 
4.51 
0.561 


0.337 


0.631 

.380 


1.68 

2.56 


1.08 


1.82 

5.16 
1.870 
1.67 
4.77 
1.97 
6.80 

6.16 


Subtotal 

0.779 

0.059 

5.37 

2.13 

4.82 

12.6 

— 

0.337 

5.25 

31.3 

T.  140  N., 

R.  99  W. 
sec.  2 
10 
12 
14 
22 
24 
26 
34 

0.081 

.539 

.013 

— 

0.017 

.089 

0.231 

.358 

.441 

.535 

1.60 

.370 

2.02 

1.249 

0.081 

.071 

0.124 

.279 

2.08 

0.751 

0.312 

.071 

.358 

.522 

2.14 

1.04 

4.40 

2.09 

Subtotal 

0.633 

— 

0.106 

1.56 

1.97 

3.27 

0.152 

0.403 

2.83 

10.9 

T.  141  N., 

R.  97  W. 
sec.  32 

... 

_ 

— 

— 

— 

— 

— 

— 

— 

Subtotal 

_____ 

— - 

— 

— 

— 

— 

— 

— 

— 

- - 

T.  141  N., 

R.  97  W. 
sec.  26 
32 
34 

0.031 

— 

— 

0.154 

.198 

— 

— 

1.32 

— 

— 

1.47 

0.229 

Subtotal 

0.031 

— 

— 

0.352 

— 

— 

1.32 

— 

— 

1.70 

Total 

1.44 

0.059 

5.48 

4.04 

6.79 

15.9 

1.47 

0.740 

8.08 

44.0 

Table  14 


Table  14  — Estimated  Identified  coal  resources  of  the  Frvburg  (VIII’)  lignite  bed  under 

100—150  feet  of  overburden.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake  Butte 

EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  l,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305  meters;  1  short 

ton  *=  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured 

Indicated 

Inferred 

Location 

Thickness  of 

in  feet 
2V2-5  5-10 

coal 

>10 

Thickness  of 
in  feet 
2V2-5  5-10 

coal 

>10 

Thickness  of 

in  feet 
2V2-5  5-10 

coal 

>10 

Total 

T.  140  N., 

R.  98  W. 
sec.  2 

0.887 

0.543 

0.787 

2.22 

4 

— 

.784 

— 

— 

3.15 

— 

— 

0.407 

— 

4.34 

6 

— 

.376 

— 

0.519 

— 

— 

0.086 

— 

— 

0.981 

8 

0.500 

- — 

— - 

.056 

1.56 

— 

— 

.153 

— 

2.27 

10 

— 

- - 

— 

— 

0.043 

.522 

— 

.337 

0.054 

.956 

14 

— 

.459 

0.279 

— 

— 

3.65 

— 

— 

4.39 

18 

.082 

— 

— 

— 

— 

— 

— 

— 

.082 

20 

- - 

— 

1.62 

— 

1.44 

1.15 

— 

— 

— 

4.21 

22 

— 

— 

.656 

— 

— 

5.56 

— 

— 

1.75 

7.97 

26 

- 

— 

.564 

— 

2.50 

3.17 

— 

.298 

— 

6.53 

28 

— 

— 

.127 

— 

— 

3.00 

— 

— 

.958 

4.09 

30 

— - 

— - - 

— 

— 

— 

— 

— 

— 

— 

— 

32 

— 

— 

.997 

— 

— 

.829 

— 

— 

— 

1.83 

34 

— 

.006 

.085 

— 

— 

— 

— 

— 

.091 

Subtotal 

0.582 

2.51 

4.33 

0.575 

9.24 

18.7 

0.086 

1.19 

2.76 

40.0 

T.  140  N., 

R.  99  W. 

sec.  2 

0.020 

0.861 

0.139 

1.02 

10 

— 

— 

— 

.016 

— 

— 

.030 

— 

— 

0.046 

12 

— 

— 

— 

.008 

— 

— 

— 

— 

— 

.008 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

22 

.116 

0.361 

— 

.044 

1.75 

— 

— 

— 

— 

2.27 

24 

— 

— 

- — 

- — 

— 

— 

— 

— 

- , 

— 

26 

— - 

- — 

0.128 

— 

.412 

1.30 

— 

1.01 

0.701 

3.55 

34 

— 

— 

1.08 

— 

— 

1.97 

— 

— 

2.60 

5.65 

Subtotal 

0.136 

0.361 

1.21 

0.929 

2.163 

3.27 

0.169 

1.01 

3.30 

12.5 

T.  141  N., 

R.  97  W. 
sec.  32 

«... 

___ 

- . - 

0.284 

- — 

— 

0.305 

— 

0.589 

Subtotal 

— 

— 

— 

— 

0.284 

— 

— 

0.305 

— 

0.589 

T.  141  N., 

R.  98  W. 
sec.  26 

0.134 

0.200 

0.334 

32 

— 

— 

— 

.992 

— 

— 

1.44 

— 

— 

2.43 

34 

.233 

— 

— 

.582 

. - 

— 

0.106 

— 

— 

.921 

Subtotal 

0.367 

— 

— 

1.77 

— 

— 

1.55 

— 

— 

3.69 

Total 

1.08 

2.87 

5.54 

3.27 

11.7 

22.0 

1.80 

2.51 

6.06 

56.8 

Table  15 


Table  15  — Estimated  identified  coal  re 
150-200  feet  of  overburden.  Sentinel 

EMRIA  study  site.  Stark,  Billings  and 


sources  of  the  Frvburg  (VIII)  lignite  bed  under 
Butte  Member.  Fort  Union  Formation,  Rattlesnake  Butte 

Dunn  Counties,  North  Dakota  as  of  August  1,  1980 


[Leaders  ( - )  indicate  not  present. 

ton  =  0.907  metric  ton; 


In  millions  of  short  tons.  1  foot  =  0.305  meters; 
numbers  are  rounded  to  three  significant  figures.] 


1  short 


Measured 


Indicated 


Inferred 


Location 


Thickness  of  coal 
in  feet 

2  l/2  -5  5-10  >10 


Thickness  of  coal 
in  feet 

2V2-5  5-10  >10 


Thickness  of  coal 
in  feet 

2  l/2  -5  5-10  >10 


Total 


T.  140  N.,  R.  98  W. 

sec .  2 

4 
6 
8 


0.223 


1.45 

0.311 

.084 


3.96  1.22 

1.60 


1.84 


0.522 


0.165 


10 

— 

— 

— 

1.48 

14 

— 

.541 

0.326 

— 

— 

18 

- - 

- - 

— 

— 

- - 

20 

- - 

— 

.238 

— 

.071 

22 

_ _ 

— - 

.129 

— 

— 

26 

— - 

— 

1.46 

— 

.303 

28 

— 

— 

— 

- - 

30 

- - 

— 

— 

— 

32 

— 

— 

— 

— 

- — 

34 

___ 

— 

— 

— 

— 

0.537 

4.05 

.263 

2.06 


1.16 

.776 

.538 

1.73 


0.557 

.024 

.632 

.136 


7.72 

5.96 

2.67 

0.428 

3.56 

2.03 

.309 

1.54 

2.30 

1.87 


Subtotal 


0.223  2.39 


2.15 


1.84  7.58  5.42 


0.522  6.91 


1.35 


28.4 


T.  140  N.,  R.  99  W. 

sec.  2 
10 
12 
14 
22 
24 
26 
34 


0.010 


-  0.065 


0.265 


0.015 


0.566 

.602 


0.037 

2.54 


0.290 


.631 

.639 

2.54 


Subtotal 

0.010  0.065 

— 

0.265 

1.17 

— 

.015 

— 

2.58 

4.10 

T.  141  N., 

R.  97  W. 
sec.  32 

—  1 - 

_ _ 

— - 

2.06 

— 

— 

1.27 

— 

3.33 

Subtotal 

-  - 

— 

— 

2.06 

— 

— 

1.27 

— 

3.33 

T.  141  N., 

R.  98  W. 
sec.  26 
32 

34 

0.032  - 

— 

0.421 

— 

— 

0.021 

.018 

— 

— 

0.474 

.018 

Subtotal 

0.032 

— 

0.421 

— 

— 

0.039 

— 

— 

0.492 

Total 


0.265  2.45 


2. 15 


2.53  10.8  5.42 


0.576  8.  18 


3.93 


36.3 


Table  16 


Table  16  —Estimated  identified  coal  resources  of  the  Frvburg  (VIII)  lignite  bed  under 
>200  feet  of  overburden.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake  Butte 

EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  lt  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  **  0.305  meters;  1  short 

ton  «*  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured 


Indicated 


Inferred 


Thickness  of  coal 


Thickness  of  coal 


Thickness  of  coal 


Location 

2  V2  -5 

in  feet 
5-10 

>10 

2  V2  -5 

in  feet 
5-10 

>10 

2  V2  -5 

in  feet 
5-10 

>10 

Total 

T.  140  N.,  R.  98  W. 

sec.  2 

— 

0.554 

— 

— 

0.114 

— 

— 

0. 137 

— 

0.805 

4 

— 

- - 

— - 

— 

— 

— 

.082 

— 

.082 

6 

0.027 

— 

— 

0.037 

— 

— 

— 

— 

— 

.064 

8 

_ _ 

— 

— - 

— 

— 

— 

— 

— 

— 

— 

10 

— 

— 

— 

— 

— 

— 

— 

.652 

— 

.652 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

18 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

20 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

— 

22 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

— 

26 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

— 

28 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

30 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

32 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- — 

34 

— 

- — 

“ - 

— 

““ - ' 

“  “  “ 

1 

"" 

Subtotal 

0.027 

0.554 

— 

0.037 

0.114 

— 

— 

0.871 

— 

1.60 

T.  140  N.,  R.  99  W. 

sec .  2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

— - 

— 

— 

— 

— 

— 

— 

— 

— 

— 

12 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

22 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

24 

_ _ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

26 

— 

— 

— 

— 

0.024 

— 

— 

— 

— 

0.024 

34 

— 

— 

— 

— - 

— - 

— 

- — 

“ “ 

Subtotal 

— 

— 

— 

— 

0.024 

— 

— 

— 

— 

0.024 

T.  141  N.,  R.  97  W 

sec.  32 

— 

— 

— 

— 

0.070 

— - 

- — 

- — 

— - * 

0.070 

Subtotal 

— 

— 

— 

— 

0.070 

— 

— 

— 

— 

0.070 

T.  141  N.,  R.  98  W. 

sec.  26 

— 

— 

— 

— 

— 

— 

— 

— 

— 

32 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

34 

— 

— 

— 

— - 

— 

— 

- — 

— 

Subtotal 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

To  tal 

0.027 

0.554 

— 

0.037 

0.208 

— 

— 

0.871 

— 

1.70 

Table  17 


Table  17  — Summary  of  estimated  Identified  coal  resources  of  the  Fryburg 

(VIII)  lignite  bed.  Sentinel  Butte  Member,  Fort  Union  Formation,  Rattlesnake 

Butte  EMRIA  study  site,  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305 

meters.  1  short  ton  =  0.907  metric  ton;  numbers  are  rounded  to  three 
significant  figures.] 


T.  140  N. 

R.  98  W. 

T.  140  N. 

R.  99  W. 

T.  141  N. 

R.  97  W. 

T. 

R. 

141  N. 
98  W. 

To  tal 

Coal  bed  2  V2 
to  5  feet  thick 
Measured  resources 
Indicated  resources 
Inferred  resources 

1.63 

5.69 

.718 

1.24 

3.50 

.345 

— 

0.430 

2.54 

2.91 

3.30 

11.7 

3.97 

Total 

8.04 

5.09 

— 

5.88 

19.0 

Coal  bed  5-10  feet 
thick 

Measured  resources 

5.69 

1.32 

— 

— 

7.01 

Indicated  resources 

23.4 

9.39 

2.41 

— 

35.2 

Inferred  resources 

9.41 

1.53 

1.57 

— 

12.5 

Total 

38.5 

12.2 

3.98 

— 

54.7 

Coal  bed  >10  feet 
thick 

Measured  resources 

12.2 

1.32 

— 

— 

13.5 

Indicated  resources 

40.3 

6.54 

— 

— 

46.8 

Inferred  resources 

10.9 

8.71 

— 

— 

19.6 

Total 

63.4 

16.6 

— 

— 

79.9 

Total  identified 

resources 

110. 

33.9 

3.98 

5.88 

154. 

Table  18 


Table  18  — Estimated  Identified  coal  resources  of  the  HT  Butte  (XIII)  lignite  bed  under 
>200  feet  of  overburden.  Tongue  River  Member,  Fort  Union  Formation,  Rattlesnake  Butte 

EMRIA  study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305  meters;  1  short 

ton  =  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured 

Indicated 

Inferred 

Thickness  of  coal 

Thickness  of  coal 

Thickness  of 

coal 

in  feet 

in  feet 

in  feet 

Location 

2V2-5  5-10  >10 

2V2-5  5-10  >10 

2V2-5  5-10 

>10 

Total 

T.  140  N.,  R. 

sec 

98  W. 

:.  2 

4 

6 

8 

10 

14 

18 

20 

22 

26 

28 

30 

32 

34 

0.014 

0.207 

.043 

1.15 

.590 

.115 

.326 

1.38 

0.788 

0.596 

2.18 

2.91 

2.35 

2.86 

5.09 

2.80 

2.89 

1.14 

2.30 

8.50 

0.036 

4.17 

2.71 

0.848 

1.13 

5.34 

8.83 

1.19 

2.51 

2.45 

1.38 

2.05 

2.23 

3.71 

1.13 

9.39 

4.16 

4.17 
7.72 

11.8 

8.12 

2.71 

1.46 

11.9 

14.0 

5.31 

1.13 

7.88 

4.97 

5. 12 

5.18 

Subtotal 

0.014 

2.43 

2.17 

0.596 

22.2 

10.8 

8.86 

29.7 

14.7 

91.5 

T.  140  N.,  R. 

sec 

99  W. 

.  2 

8.31 

8.31 

10 

— 

0.554 

— 

— 

3.44 

— 

— 

4.23 

— 

8.22 

12 

— 

— 

— 

— 

— 

— 

— 

7.  73 

— 

7.73 

14 

■ - 

.371 

— 

— 

3.46 

— 

— 

5.81 

— 

9.64 

22 

— 

.561 

— 

— 

3.41 

— 

— 

2.26 

— 

6.23 

24 

— 

.894 

— 

— 

4.53 

— 

— 

3.98 

— 

9.40 

26 

— 

— 

— 

— 

— 

— 

— 

6.21 

— 

6.21 

34 

— 

— 

— 

— 

— 

— 

— 

4.63 

— 

4.63 

Subtotal 

— 

2.38 

— 

— 

14.8 

— 

— 

43.2 

— 

60.4 

T.  141  N.,  R. 

sec 

97  W. 

.  32 

— 

— 

— 

0.506 

— 

1.62 

— 

2.13 

Sub total 

— 

— 

— 

0.506 

— 

— 

1.62 

— 

— 

2.13 

T.  141  N. ,  R. 

98  W. 
26 

0.703 

0. 194 

0.897 

32 

— 

— 

— 

— 

.621 

— 

— 

7.30 

— 

7.92 

34 

— 

— 

— 

— 

0.813 

— 

— 

3. 10 

— 

3.91 

Subtotal 

— 

— 

— 

— 

2.14 

— 

— 

10.6 

— 

12.7 

Total 

0.014 

4.81 

2.  17 

1. 10 

39.1 

10.8 

10.5 

83.5 

14.7 

167. 

Table  19 


Table  19  .—Estimated  Identified  coal  resources  of  the  HT  Butte  (XIII)  rider  lignite  bed  under 
>200  feet  of  overburden.  Tongue  River  Member.  Fort  Union  Formation,  Rattlesnake  Butte  EHRIA 

study  site.  Stark,  Billings  and  Dunn  Counties,  North  Dakota  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305  meters;  1  short 

ton  =  0.907  metric  ton;  numbers  are  rounded  to  three  significant  figures.] 


Measured 

Ind icated 

Inferred 

Thickness  of 

coal 

Thickness  of 

coal 

Thickness  of 

coal 

in  feet 

in  feet 

2  V2  -5 

in  feet 

Location 

2V2-5  5-10 

>10 

2  V2  -5 

5-10 

>10 

5-10 

>10 

Total 

T.  140  N.,  R.  98  W. 

sec .  2 

_  _ _ 

- — 

— 

— 

— 

2.03 

— 

- - 

2.03 

4 

0.145 

— 

1.86 

— 

— 

3.37 

— 

— 

5.38 

6 

-  - 

— 

— 

_ — 

— 

— 

- — 

— — - 

- — 

8 

_  _ 

- - 

- - 

— _ 

— 

— 

— 

— 

— 

10 

_ _ 

— 

- - 

— 

— 

2.41 

— 

— 

2.41 

14 

.015 

— 

1.36 

— 

1.20 

— 

— 

2.58 

18 

-  - 

— 

— 

— 

— 

- - 

- - 

— 

— 

20 

_  _ -  — 

- — 

— 

— 

— 

— 

— 

- - 

— 

22 

1.78 

— 

— 

0.687 

— 

— 

2.47 

26 

— _ 

- — 

— 

— 

— 

5.27 

— 

— 

5.27 

28 

.317 

— 

1.23 

— 

.155 

— 

— 

1.70 

30 

-  - 

• - 

— 

— 

— 

- . 

— 

— 

— 

32 

-  - — 

— 

— 

— 

— 

— 

— 

- - 

34 

-  - 

— 

— 

— 

— 

— 

- * 

— 

— 

Subtotal 

0.477 

6.23 

— 

15.1 

— 

— 

21.8 

T.  140  N.,  R.  99  W. 

sec.  2 

-  - 

— 

— 

— 

- — 

— 

10 

-  - 

— 

— 

— 

— 

— — — 

- — 

— — — 

12 

-  - 

— 

— 

— 

— 

— 

— 

— 

— 

14 

-  —  — 

— 

— 

— 

— 

— 

— 

- - 

- - 

22 

- -  - 

— 

— 

— 

— 

— 

— 

— 

— 

24 

-  - 

— 

— 

— 

— 

— 

— 

— 

— - 

26 

— -  - 

— 

— 

— 

— 

— 

— 

— 

34 

-  - 

— 

— 

— 

— 

- — 

— 

Subtotal 

-  - 

— 

— 

— 

— 

— 

— 

T.  141  N.,  R.  97  W. 

sec.  32 

-  - 

— 

— - 

- — 

Subtotal 

-  - 

— 

— 

— 

— 

— 

— 

— 

— 

T.  141  N. ,  R.  98  W. 

sec.  26 

-  - 

— 

0.502 

— 

— 

0.060 

— 

- — 

0.562 

32 

-  - 

— 

— 

— 

- ' 

— 

- 

— 

— 

34 

-  - 

— 

.616 

— 

1.31 

— 

— 

1.93 

Subtotal 

-  - 

— 

1.12 

— 

— 

1.37 

— 

— 

2.49 

Total 

0.477 

— 

7.35 

— 

— 

16.5 

— 

— 

24.3 

Table  20 


Table  20  — Summary  of  estimated  Identified  lignite  resources  of  the  HT  Butte 
(XIII)  and  HT  Butte  rider  lignite  beds.  Tongue  River  Member,  Fort  Union 

Formation,  Rattlesnake  Butte  EMRIA  study  site,  as  of  August  1,  1980 

[Leaders  ( - )  indicate  not  present.  In  millions  of  short  tons.  1  foot  =  0.305 

meters.  1  short  ton  =  0.907  metric  ton;  numbers  are  rounded  to  three 
significant  figures.] 


T.  140  N. 

T.  140 

N. 

T. 

141  N. 

T.  141 

N. 

R.  98  W. 

R.  99 

W. 

R. 

97  W. 

R.  98 

W.  Total 

Coal  bed  2  V2 

to  5  feet  thick 

Measured  resources 

0.491 

— 

— 

— 

0.491 

Indicated  resources 

6.83 

— 

0.506 

1.12 

8.46 

Inferred  resources 

24.0 

— 

1.62 

1.37 

27.0 

To  tal 

31.3 

— 

2. 13 

2.49 

35.9 

Coal  bed  5-10  feet 

thick 

Measured  resources 

2.43 

2.  38 

— 

— 

4.81 

Indicated  resources 

22.2 

14.8 

— 

2.14 

39.1 

Inferred  resources 

29.7 

43.2 

— 

10.6 

83.5 

Total 

54.3 

60.4 

— 

12.7 

127. 

Coal  bed  >10  feet 

thick 

Measured  resources 

2. 17 

— 

— 

— 

2.  17 

Indicated  resources 

10.8 

— 

— 

— 

10.8 

Inferred  resources 

14.7 

— 

— 

— 

14.7 

To  tal 

27.7 

— 

— 

— 

27.7 

Total  identified 

resources 

113. 

60.4 

2. 13 

15.2 

191. 
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APPENDIX  D 

OVERBURDEN  -  SOIL  AND  BEDROCK 
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CONVENTIONAL  SIGNS 

WORKS  AND  STRUCTURES 
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highways  and  roads 

Dual  ( Interstate) 

;  Good  Motor 
Poor  Motor 

BUILDINGS 

MINES  AND  QUARRIES 
PITS,  GRAVEL  OR  OTHER 
MINE  DUMP 

DAMS 


- - County 


BOUNDARIES 


DRAINAGE 


STREAMS 

«, _ Perenmol 

_  _  Intermittent 

/ " 

LAKES  AND  PONDS 
Per  enma  | 

>»- - —  Drainage  ends 

SOIL  SURVEY  DATA 
C°D  soil  boundary  and  symbol 

°o°  Stones 

v  v  v  v  y  Rock  outcrop 

i 0  Gumbo  or  scabby  spot 

A  Areas  of  alkali  and  soils 


SOIL  MAPPING  UNIT 

SYMBOL  DESCRIPTION 

ArA  Arnegord  loom,  level 

ArB  Arnegord  loam,  gently  sloping 

BoB  Bamville  ond  Midway  soils,  undulating 

BoD  Bomville  ond  Midway  soils,  steep 

Bf  Bomville  -  Shale  outcrop  complex 

Bk  Beckton  complex 

BoA  Beifieid  -  Rhoades  looms,  level 

BoB  Beifieid  -  Rhoodes  looms,  gently  sloping 

BrA  Beifieid- Rhoodes  silty  clay  looms  ,  level 

0,8  Beifieid— Rhoodes  silty  clay  loams,  gently  sloping 

CbC  Choma-Bainville  looms,  sloping 

CbD  Chomo  —  Bamvil le  looms,  strongly  sloping 

FaB  Forlond  silt  loom,  gently  sloping 

FgA  Forlond,  Arnegord,  ond  Grail  silt  looms,  level 

FlC  Flosher  sondy  loom,  sloping 

Fm  Flasher  complex 

Fr  Flosher -rock  outcrop  complex 

GrA  Groil  silty  cloy  loom,  level 

GrB  Groil  silty  clay  loom,  gently  sloping 

GtB  Grail  -  Rhoodes  silty  cloy  looms,  gently  sloping 

Ho  Hoven  soils 

LeC  Lefor  fine  sondy  loom,  sloping 

LeC2  Lefor  fine  sondy  loom,  sloping,  eroded 

LlC  Li  hen  —  Flosher  loomy  fine  sonds,  rolling 

MoA  Monmng  loom,  level 

MeA  Moreou  silty  cloy,  level 

MeB  Moreau  silty  cloy,  gently  sloping 

MeC  Moreou  silty  cloy,  sloping 

MgD  Moreou  — MidwOy  silty  ClOyS,  strongly  sloping 

MnD  Morton- Bomville  complex,  strongly  sloping 

MoC  Morton— Chomo  cloy  looms,  sloping 

MpC  Morton- Chomo  silt  looms,  sloping 

MpC2  Morton- Chomo  silt  loams,  sloping,  eroded 

Mr B  Morton  and  Forlond  cloy  looms,  gently  sloping 

MsB  Morton  ond  Forlond  silt  loams,  gently  sloping 

MtA  Morton  -  Rhoodes  looms,  level 

MtB  Morton  -  Rhoodes  looms,  gently  sloping 

MtC  Morton  -  Rhoodes  looms,  sloping 

MtC2  Morton  -  Rhoodes  looms,  sloping,  eroded 

PaA  Porsholl  fme  sandy  loom,  level 

PrA  Promise  Silty  cloy,  level 

PrB  Promise  silty  cloy,  gently  sloping 

ReA  Regent  silty  cloy  loom,  level 

ReB  Regent  silty  cloy  loom,  gently  sloping 

Rg A  Regent  —  Moreou  silty  cloy  loams,  level 

RgB  Regent  —  Moreou  silty  clay  looms,  gently  sloping 

RgC  Regent  —Moreou  silty  cloy  looms,  sloping 

RsA  Rhoodes  ond  Beifieid  soils,  level 

RsB  Rhoodes  ond  Beifieid  soils,  gently  sloping 

So  Soime  oi luviai  land 

Sg  Sovage  silty  cloy  loom 

Sm  Searing  loom 

Sv  Straw  ond  Hovre  soils,  channeled 

ShA  Sovage  —  Rhoodes  silty  cloy  looms,  level 

StA  Straw  loom,  level 

VfD  Vebor  — Flosher  fme  sondy  loams,  strongly  sloping 

VpB  vebor  —  Porshall  fine  sondy  looms,  undulating 

VpC  Vebor  —  Porsholl  fme  sondy  looms,  sloping 

Wo  Wet  oiluviol  land 

Wb  Wibaux  soils 


Sections  2,10,12  S  14  ,  T  140  N  ,  R  99  W. 
Sections  2,4,6,8,10, 14,18, T  140  N.,  R  98  W 


Source  used  for  this  map,  Soil  Conservation  Service  report, 
Soil  Survey  of  Stock  County,  North  Dokoto  doted  1968. 
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7-2006A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Study  Aron-  Rattlesnake  Butte _  Relief-  Complex,  Gently  rolling _  StnninP.SS'  Nor,e _ 

Location.  S so  10  Twp  140  n.  Rnngp. 98  w- —  Elevation: - -  - 

1400  'E.  ,  400'S.,  of  NW.  corner _  Slope:  Aspect'  North _  rirninfige.'  Excessive 

r.limrrte-  Semi-Arid _  Veqe.tntinn '  Small  Grain _  Ground  Water: _ None_ 


Parent  Materia  I :_  soft  sandstone _ 

Soil  Series: _ Vebaf _ 

Soil  r.lnssificntinn-  C°«  loamy»  ml*ed 

Typic  Haploborolls 


Inndlkp-  Cultivated _  Frnsinn'  Slight _  Land  Form: _ Residual _  Profile  Description  By:  T.  Fieehtl — Date:  _8/7? 

Correlated  By:  G.  Muckel_ 5/79 


Point  Site  No.  7 

LABORATORY  DESCRIPTION 

LAB  NO. 

DEPTH  (Om r) 

PROFILE  DESCRIPTION 

DETERMINATION 

DATA 

12,298 

LABORATORY  NUMBER 

12,298 

12,299 

12, 

300  12,301  12,302 

T-1137 

0-.3 

A  (AB)  0-.30  meters,  dark  grayish  brown  (10YR  5/2)  fine  sandy  ; 

DEPTH 

( m) 

0-.3 

.3-. 76 

.76 

-1.3  1.3-1. 9  1. 9-3.0 

^  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  mod- 

PARTICLE  SIZE  ANALYSIS  (percent) 

erate,  medium  blocky  structure  seperating  to  weak, 

Very  Coarse  Sand 

( 2.0- 1.0  mm) 

2.0 

0.0 

0.0 

0.0 

coarse,  crumb  structure;  slightly  hard  dry,  very  friable 

Coarse  Sand 

(  1.0-0. 5mm) 

2.1 

0.5 

0.3 

0.4 

moist,  slightly  sticky,  nonplastic  wet;  plentiful,  fine 

Medium  Sand 

(0.5-0. 25mm) 

2.2 

1.2 

0.8 

i.i 

roots,  noncalcareous;  abrupt  boundary. 

Fine  Sand 

(0.25-0.l0mm) 

23.4 

31.3 

16.8 

51.0 

12,299 

Very  Fine  Sand 

(0.10-0. 05mm) 

22.4 

37.9 

48.9 

23.7 

T-1138 

.3-. 76 

C  .30-. 76  meters,  light  grayish  brown  (10YR  6/2)  very  fine 

Total  Sand 

(2. 0-0. 05mm) 

52.1 

48.2 

70.9 

66.8 

76.2 

1  sandy  loam,  dark  gray  (10YR  4/1)  moist;  weak,  coarse, 

Silt 

(0.05-0. 002mm) 

33.9 

23.2 

14.1 

20.8 

11.7 

blocky  structure;  slightly  hard  dry,  very  friable 

Clay 

(<  0.002  mm) 

14.0 

28.6 

15.0 

12.4 

12.1 

moist,  slightly  sticky,  nonplastic  wet;  few,  fine  roots 

TEXTURAL  CLASS  (LAB.) 

VFSL 

SCL 

VFSL 

VFSL 

FSL 

violently  calcareous;  abrupt  boundary. 

BULK  DENSITY 

(g/cm3) 

12,300 

HYDRAULIC  CONDUCTIVITY  (cm/hr) 

T-1139 

.76-1.3 

C  .76-1.3  meters,  light  brownish  gray  (10YR  6/2)  soft  sand- 

6th  hr 

0.37 

0.39 

1.22 

1.30 

1.42 

stone,  grayish  brown  (10YR  5/2)  moist;  massive  struc- 

24,h  hr 

0.41 

0.33 

1.54 

1.65 

1.57 

ture;  soft  dry,  loose  moist,  nonsticky,  nonplastic 

SETTLING  VOLUME 

.  (ml) 

23 

23 

24 

23 

31 

wat;  strongly  calcareous;  gradual  boundary. 

MOISTURE  RETENTION 

(percent) 

12,301 

l/IO  bar 

T-1140 

1.3-1. 9 

C  1.3-1. 9  meters,  light  gray  (10YR  7/2)  soft  sandstone, 

1/3  bar 

grayish  brown  (10YR  5/2)  moist;  massive  structure; 

15  bar 

11.2 

10.6 

9.9 

9.8 

6.7 

soft  dry,  loose  moist,  nonsticky,  nonplastic  wet; 

SOIL  REACTION-oH 

noncalcareous;  diffuse  boundary. 

Paste 

12,302 

1:5  H20 

8.5 

8.6 

8.9' 

9.2 

9.4 

T-1141 

1.9-3. 0 

C  1.9-2. 5  meters,  light  brownish  gray  (10YR  6/2)  soft  sand- 

1:2  O.OI  M  CaCI2 

41  stone,  grayish  brown  (10YR  5/2)  moist;  massive  struc- 

ORGANIC  CARBON 

(percent) 

ture;  soft  dry,  loose  moist,  nonsticky,  nonplastic 

AVAILABLE  PHOSPHORUS 

(ppm) 

wet;  noncalcareous;  diffuse  boundary. 

CaCOx  EQUIVALENT 

( percent) 

GYPSUM  REQUIREMENT 

(me  / 1  OOg) 

-0.6 

-0.6 

-0.2 

+0.7 

-0.2 

C  2. 5-3.0  meters,  light  brownish  gray  (10YR  6/2)  soft  sand- 

SATURATION  EXTRACT 

stone,  grayish  brown  (107R  5/2)  moist;  massive  struc- 

Saturation  Percentage 

53.7 

51.8 

51.9 

59.3 

66.8 

ture;  soft  dry,  loose  moist,  nonsticky,  nonplastic 

ECe @  25°C 

(mmhos/cm) 

0.  5 

0.4 

0.4 

0.5 

0.4 

wet ;  noncalcareous . 

Ca  +  + 

(me/ 1 ) 

4.68 

2.02 

0.74 

0.39 

0.25 

Mg  +  + 

(me / 1 ) 

0.86 

1.66 

2.45 

1.42 

0.50 

Na  + 

(me/I) 

0.21 

0.23 

1.41 

3.23 

3.92 

K  + 

(me/ 1 ) 

0.17 

0.13 

0.16 

0.16 

0.12 

co3- 

(me/ 1 ) 

0.00 

0.00 

0.00 

0.00 

0.00 

hco3- 

(me/ 1 ) 

4.65 

3.26 

3.97 

3.90 

3.83 

ci- 

(me/ 1 ) 

0.09 

0.07 

0.09 

0.09 

0.08 

so4- 

(me/ 1 ) 

1.08 

0.37 

0.52 

0.97 

0.47 

no3- 

(me/I ) 

0.01 

0.12 

0.17 

0.18 

0.06 

SAR 

(me/I ) 

0.1 

0.2 

i.i 

3.4 

6.4 

Na 

(me/  I00g) 

0.01 

0.01 

0.07 

0.19 

0.26 

■  Ca+Mg 

(me  / 1  OOg) 

0.30 

0.19 

0.17 

0.10 

0.05 

1:5  EXTRACT 

EC5@  25°C 

(mmhos/cm) 

0.22 

0.19 

0.17 

0.18 

0.18 

Ca+Mg 

(me/I) 

1.97 

1.  67 

1.21 

0.76 

1.33 

EXCHANGEABLE  SODIUM 

(percent) 

0.9 

0.5 

2.1 

4.6 

7.3 

ACIDITY 

INKCI  exchange  acidity 

Total 

(me/  lOOg) 

AI+  +  + 

(me  /  lOOg) 

CATION  EXCHANGE  CAPACITY  (me/IOOq) 

17.2 

15.2 

13.2 

11.7 

10.3 

NaOAc@pH  8.2 

BORON 

(mg/I) 

Remarks:  It  is  assumed  clay  percentage  in  the  „3  to  .76  meter 

lab  sample  cor^vi\.  appr  ''"j >  ;tiLy  10%  carbonate  clay. 


GPO  833-796 


Table  21 


7-2006A  (1-76) 

Bureau  of  Reclamation 


US.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Rattlesnake  Butte 


Relief'  Simple 


Stoniness'  None 


Soft  shale 


Location.  Sec.  8  Twd.  14°  N. 

Range.  98  w.  Flevntinn-  2560 

Soil  Series 

Grail- 

like 

700'E., 

200 TS.,  of  NW.  corner 

Slope-  Aspect'  South 

Drainaae-  Moderate 

Soil  Classif ination 

fine,  Montrnorillonitic 

r.limnte  Semi-Arid 

Vegetation'  Small  Grain 

Ground  Water 

None 

Pachic  Argiborolls 

1  and  1  Ise 

Cultivated 

Erosion:  slight 

Land  Form:  Residual 

Profile  DescriDtion 

Bv  T-  Fiechti  note  8/78 

Correlated  By:  G.  Muckel  5/79 

Point  Site  No.  7  w 

LABORATORY 

DESCRIPTION 

LAB  NO. 

DEPTH  f&mr) 

PROFILE  DESCRIPTION 

DETERMINATION 

DATA 

12,303 

LABORATORY  NUMBER 

12,303 

12,304 

12,305 

12,306 

12,307 

T-1143 

0-.3 

A 

0-.15  meters,  dark  grayish  brown  (10YR  4/2)  heavy  loam, 

DEPTH 

(m) 

0-.3 

.3-. 76 

.76-1.2 

1.2-1. 8 

1. 8-2.7 

P 

very  dark  grayish  brown  (10 YR  3/2)  rnoist;  moderate. 

PARTICLE  SIZE  ANALYSIS  (percent) 

medium,  blocky  structure;  slightly  hard,  friable  moist, 

Very  Coorse  Sand 

( 2.0- 1.0  mm) 

slightly  sticky,  slightly  plastic  wet;  plentiful,  fine 

Coarse  Sand 

(  1 .0-0.5  mm) 

roots;  abrupt  boundary. 

Medium  Sand 

(0.5-0. 25mm) 

Fine  Sand 

(0.25-  0.1  Omm) 

B2t 

.15-. 25  meters,  brown  (10YR  5/3)  clay  loam,  dark  grayish 

Very  Fine  Sand 

(0. 10-  0.05  mm) 

brown  (10YR  3/2)  moist;  moderate,  medium,  prismatic 

Total  Sand 

(2. 0-0. 05mm) 

48.1 

19.9 

27.0 

24.5 

22.9 

structure  breaks  to  moderate,  medium,  blocky  structure; 

Silt 

(0.05-0. 002mm) 

31.5 

40.9 

52.8 

62.8 

64.5 

hard  dry,  friable  moist,  sticky,  plastic  wet;  common, 

Clay 

(<  0.002  mm) 

20.4 

39.2 

20.2 

13.5 

12.6 

thin  clay  slcins  on  ped  face;  plentiful,  fine  roots; 

TEXTURAL  CLASS  (LAB.) 

L 

SiCL 

SiL 

SiL 

SiL 

noncalcareous ;  abrupt  boundary. 

BULK  DENSITY 

(g/cm3) 

HYDRAULIC  CONDUCTIVITY  (cm/hr) 

Bq__ 

.25-. 30  meters,  brown  (10YR  5/3)  clay  loam,  dark  brown 

6th  hr 

Oo  93 

0.25 

0.31 

0.12 

0.39 

(10YR  3/3)  moist;  moderate,  coarse,  prismatic  struc- 

24,h  hr 

0.19 

0.33 

0.31 

0.15 

0.39 

ture  breaks  to  moderate,  medium,  blocky  structure; 

SETTLING  VOLUME 

(ml) 

21 

24 

22 

21 

20 

hard  dry,  friable  moist,  sticky,  plastic  wet;  plenti- 

MOISTURE  RETENTION 

(percent) 

Pul,  Pine  roots;  strongly  calcareous;  gradual  bound- 

1/10  bar 

12,304 

ary. 

1/3  bar 

T-1144 

.3-. 76 

c 

.30-. 76  meters,  grayish  brown  (2. 5y  5/2)  clay  loam,  very 

15  bar 

9.7 

16.1 

8.7 

6.8 

5.9 

dark  grayish  brown  (2. 5y  3/2)  moist;  weak,  coarse 

SOIL  REACTION  -pH 

blocky  structure,  breaks  to  moderate,  medium,  blocky 

Paste 

structure;  hard  dry,  friable  moist,  sticky,  plastic 

1:5  H20 

7.4 

8.2 

8.7 

9.2 

8.9 

wet;  few,  fine  roots;  strong  violently  calcareous; 

1:2  O.OI  M  CaCI2 

gradual  boundary. 

ORGANIC  CARBON 

(percent) 

12,305 

AVAILABLE  PHOSPHORUS 

(ppm) 

,76-1 . 2 

CL 

CaCOx  EQUIVALENT 

( percent) 

2ca 

.76-1.2  meters,  pale  brown  (10YR  6/3)  heavy  clay  loam, 

GYPSUM  REQUIREMENT 

(me  /  lOOg) 

+0.6 

-13. 

-12. 

-0.9 

-3.4 

grayish  brown  (10YR  5/2)  moist;  weak,  coarse,  blocky 

SATURATION  EXTRACT 

structure  breaks  to  moderate,  medium,  blocky  struc- 

Saturation  Percentage 

32.8 

53.4 

46.9 

43.9 

41.4 

ture;  hard  dry,  friable  moist,  sticky,  plastic  wet; 

ECe@  25°C 

(mmhos/cm) 

0.4 

9.8 

11.9 

7.7 

8.3 

strongly  calcareous;  gradual  boundary. 

Ca  +  + 

(me/ 1 ) 

1.13 

24.04 

22.33 

5.94 

21.29 

12,306 

Mg  +  + 

(me / 1 ) 

0.91 

83.59 

101.  50 

35.82 

45.77 

T-1146 

1.2-1. 8 

C31 

1.2-1. 8  meters,  light  brownish  gray  (10YR  6/2)  clay  loam, 

Na  + 

(me / 1 ) 

2.09 

55.24 

75.76 

57.87 

51.56 

grayish  brown  (10YR  5/2)  moist;  massive  structure; 

K  + 

(me/ 1 ) 

0.43 

0.15 

0.13 

0.08 

0.09 

hard  dry,  friable  moist,  sticky,  plastic  wet;  strong- 

co3- 

(me/ 1 ) 

0.00 

0.00 

0.00 

0.00 

0.00 

ly  calcareous;  diffuse  boundary. 

HC03- 

(me/ 1 ) 

2.35 

4.25 

2.32 

2.25 

1.  59 

12,307 

Cl- 

(me/ 1 ) 

0.20 

2.40 

3.08 

2.  29 

1.17 

T-1147 

1.8-2. 7 

C32 

1.8-2. 4  meters,  light  brownish  gray  (10YR  6/2)  weathered 

S04- 

(me/ 1 ) 

1.49 

145.83 

171.88 

96.79 

122.04 

shale  heavy  clay  loam,  very  dark  grayish  brown  (10YR 

NO,- 

(me/I ) 

0.01 

0.02 

0.15 

0.14 

0.10 

4/2)  moist;  massive  structure;  very  hard  dry,  firm 

SAR 

(me/I ) 

2.1 

7.5 

9.6 

13. 

8.9 

moist,  sticky,  plastic  wet;  strongly  calcareous;  diff- 

Na 

(me/  lOOg) 

0.07 

2.95 

3.55 

2.54 

2.13 

use  boundary. 

•  Ca+Mg 

(me  / 1  OOg) 

0.07 

5.74 

5.81 

1.83 

2.77 

1:5  EXTRACT 

IIC4 

2. 4-2. 7  meters,  heavy  clay  loam  sandy  shale  colors  vary 

EC5@25°C 

(mmhos/cm) 

3.45 

2.75 

1.01 

1.26 

0.12 

from  grayish  brown  (10YR  5/2)  to  brownish  yellow 

Ca+Mg 

(me/I) 

0.36 

46.90 

27.00 

2.88 

8.42 

(10YR  6/6)  dry,  to  a  dark  gray  (10YR  4/1)  and  yellow- 

EXCHANGEABLE  SODIUM 

(percent) 

2.1 

5.1 

5.4 

12. 

7.8 

ish  brown  (10YR  5/6)  moist;  massive  structure;  very 

ACIDITY 

hard  dry,  firm  moist,  sticky,  plastic  wet;  strongly 

INKCI  exchange  acidity 

calcareous. 

Total 

(me  /  100  g) 

AI+  +  + 

(me / 1 OOg ) 

CATION  EXCHANGE  CAPACITY  (me/IOOq) 

13.3 

20.9 

11.5 

9.1 

8.3 

NaOAc@pH  8.2 

BORON 

(mg/I) 

Remarks : 


This  pedon  has  higher  EC  than  is  typical  for  series 

Borders  Belfield  series  Clay  %  in  .76  to  1.8  meters  questionable 


GPO  833-276 


Table  22 


7-2006A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Study  Arpi-I-  Rattlesnake  Butte _  Rplief-  Simple,  nearly  level _  Stoninfiss1  None _  Parent  Material:  Soft  shale - _ - 

Location.  .Sso  22  jwp  i4Q  N.Rnnge  98  w. _  Elevation: _ 2540 _  _  Soil  Series:  Moreau - 

HOP  'E. ,  500  'N.  of  sk  comer _  Slope:  Aspect'  North _  Drainage-  Moderately  Wall  Drained _  Soil  Classification:  Typie  Haploborolls - 

P.limatp-  Semi-Arid _  Vegptntinrr  Small  Grain _  Ground  Water: _ None _  fine,  montmorillonitic 


l  and  lisp-  Cultivated _  Fmeinn-  slight _  Land  Form: _ _  Profile  Description  By:  t.  Fiechtl — Date:_si2&. 

Correlated  By:  G»  Muekel_ 5/79 


LABORATORY  DESCRIPTI 

ON 

LAB  NO. 

DEPTH 

PROFILE  DESCRIPTION 

DETERMINATION 

DATA 

12,282 

T-1119 

0-.45 

A 

0-.15  meters,  brown  (10YR  5/3)  silty  clay  loam,  very  dark 

LABORATORY  NUMBER 
DEPTH 

(  m) 

12,232 

0-.45 

12,283 
.45-.  7 6 

12,284  12, 

.76-1.3  1.3 

285  12, 

-1.9  1.9 

286  12,287 

-2.5  2. 5-3.0 

P 

brown  (10YR  3/2)  moist;  moderate,  medium,  coarse  blocky 

PARTICLE  SIZE  ANALYSIS  (percent) 

structure;  very  hard  dry,  friable  moist,  sticky,  plas- 

Very  Coarse  Sand 

( 2. 0-1.0  mm) 

tic  wet;  plentiful,  fine  roots;  noncalcareous;  abrupt 

Coarse  Sand 

( I.O-0. 5mm) 

boundary.  ^ 

Medium  Sand 

Fine  Sand 

(0.5-0. 25mm) 
(0.25-  0.1  Omm) 

D2t 

.15-. 30  meters,  grayish  brown  (10YR  5/2)  silty  clay  loam. 

Very  Fine  Sand 

(0. 10-  0.05  mm) 

very  dark  brown  (10YR  3/2)  moist;  weak,  medium, 

Total  Sand 

(2.0-0.05mm) 

18.3 

5.9 

1.6 

1.6 

2.  5 

2.  5 

coarse  prismatic  structure,  breaks  to  moderate,  medium, 

Silt 

(0.05-0,002  mm) 

43.6 

46.5 

52.6 

31.7 

30.0 

33.4 

blocky  structure;  hard  dry,  friable  moist,  sticky, 
plastic  wet;  thin  continuous  clay  skins  on  ped  face; 
plentiful,  fine  roots;  noncalcareous;  abrupt  boundary. 

Clay 

TEXTURAL  CLASS  (LAB.) 

(<  0.002  mm) 

38.1 

SiCL 

47.6 

SiC 

45.8 

SiC 

66.7 

C 

67.5 

C 

64.1 

C 

BULK  DENSITY  (q/cm°) 

HYDRAULIC  CONDUCTIVITY  (cm/hr) 

B„ 

3ca 

.30-. 45  meters,  light  brownish  gray  (10YR  6/2)  heavy  silty 
clay  loam,  grayish  brown  (10YR  5/2)  moist;  weak  coause, 
prismatic  structure,  breaks  to  aoderate,  medium, 
blocky  structure;  few  fine  roots;  strongly 
calcareous;  abrupt  boundary. 

.45-. 7 6  meters,  brown  (10YR  5/3)  silty  clay,  dark  grayish 
brown  (10YR  4/2)  moist;  weak,  coarse,  blocky  structure; 
hard  dry,  friable  moist,  sticky,  plastic  wet;  few  fine 
roots;  strongly  calcareous;  abrupt  boundary. 

.76-1.3  meters,  brown  (10YR  5/3)  weathered  shale,  dark 
brown  (10YR  3/3)  moist;  massive  structure;  very  hard 
dry,  firm  moist,  sticky,  plastic  wet;  strongly  cal¬ 
careous;  gradual  boundary. 

6th  hr 

24th  hr 

SETTLING  VOLUME 

(ml) 

0.08 

0.06 

19 

*2/3 

*3/4 

70 

*2/3 

**3/4 

98 

*2/3 

*0.01 

152 

*1/2 

*2/3 

82 

*1/2 

*3/4 

102 

MOISTURE  RETENTION 

(percent) 

12,283 

T-1120 

.45-, 76 

C 

ca 

1/10  bar 

1/3  bar 

15  bar 

SOIL  RE ACT  ION -pH 

10.9 

9.0 

15.1 

9.1 

7.0 

8.8 

11.0 

8.7 

10.3 

8.4 

10.0 

8.4 

12,284 

1-1121 

.76-1.3 

Paste 

1:5  H20 

1:2  O.OI  M  CaCI2 
ORGANIC  CARBON 

(percent) 

^2 

AVAILABLE  PHOSPHORUS 

(ppm) 

CaCOx  EQUIVALENT 
GYPSUM  REQUIREMENT 

( percent) 
(me/  I00g) 

+0.4 

+2.8 

+1.2 

-3.0 

-2.4 

-2.8 

12,285 

T-1122 

SATURATION  EXTRACT 

31.5 

42.5 

102.9 

143.4 

111.4 

111.6 

1.3-1. 9 

C31 

1.3-1. 9  meters,  sandy  shale  material  varies  from  a  gray¬ 
ish  brown  (10YR  5/2)  light  clay,  light  gray  (10YR  7/2) 
moist;  a  brown  (10YR  5/3  )  to  a  brownish  yellow  (10YR 
6/6)  moist;  dark  brown  (7.5YR  3/2)  to  a  brown  (7.5YR 

Saturation  Percentage 
ECe@  25°C 

Ca  +  + 

Mg  +  + 

(mmhos/cm) 
(me/ 1 ) 
(me / 1 ) 
(me / 1 ) 
(me/ 1 ) 
(me/ 1 ) 
(me/ 1 ) 
(me/ 1 ) 
(me/ 1 ) 

0.6 

0.80 

0.79 

4.40 

1.1 

0.55 

0.36 

10.19 

8.7 

20.96 

22.89 

73.13 

10.2 

19.53 

23.88 

94.17 

15.1 

20.41 

42.79 

157.83 

13.4 

20.74 

31.84 

140. 47 

12,286 

T-1123 

5/3)  moist,  color  variations  due  to  numerous  strati¬ 
fications  of  materials  influenced  by  sedimentary  var¬ 
iations,  degree  of  oxidation,  carbonaceous  influence; 
massive  structure;  very  hard  dry,  firm  moist,  sticky, 
plastic  wet;  noncalcareous;  gradual  boundary. 

Na  + 

K  + 

co3- 

hco3- 

ci- 

so4- 

0.06 

0.00 

4.82 

0.11 

1.27 

0.09 

0.04 

0.00 

4.21 

0.11 

6.67 

0.02 

0.15 

0.00 

1.57 

0.16 

119.10 

0.10 

0.12 

0.00 

1.41 

0.20 

122.92 

0.24 

0.18 

0.00 

1.36 

0.06 

219.79 

1.67 

0.20 

0.00 

2.81 

0.08 

181.25 

1.0  5 

1.9-2. 5 

C32 

1.9-2. 5  meters,  sandy  shale  material  varies  from  a  gray¬ 
ish  brown  (1°YR  5/2)  light  clay,  light  gray  (10YR  7/2) 
moist;  a  brown  (10YR  5/3)  to  a  brownish  yellow  (10YR 
6/6)  moist;  dark  brown  (7. 5YR  3/2)  to  a  brown  (7.5YR 

no3- 

SAR 

Na 

'  Ca+Mg 

1  S  F  YTR  ACT 

(me/I ) 
(me/1) 
(me/IOOg) 
(me/IOOg) 

4.9 

0.14 

0.05 

15. 

0.43 

0.04 

16. 

7.53 

4.52 

20. 

13.50 

6.22 

28. 

17.58 

7.01 

27. 

16.52 

6.18 

5/3)  moist,  color  variations  due  to  numerous  strati¬ 
fications  of  materials  influenced  by  sedimentary  var¬ 
iations,  degree  of  oxidation,  carbonaceous  influence; 
massive  structure;  very  hard  dry,  firm  moist,  sticky. 

EC5@25°C 

Ca+Mg 

EXCHANGEABLE  SODIUM 

AfiniTY 

(mmhos/cm) 

(me/I) 

(percent) 

0.21 

0.71 

5.6 

0.42 

0.55 

21. 

2.9 
5.44 

8.9 

3.95 

15.60 

14. 

5.10 

23.00 

19. 

5.40 

33.70 

18. 

12,287 

T-1124 

2. 5-3.0 

C33 

plastic  wet;  noncalcareous;  gradual  boundary. 

2. 5-3.0  meters,  sandy  shale  material  varies  from  a  gray¬ 
ish  brown  (1°TR  5/2)  light  clay,  light  gray  (10YR  7/2) 
moist;  a  brown  (10YR  5/3)  to  a  brownish  yellow  (10YR 
6/6)  moist;  dark  brown  (7.5YR  3/2)  to  a  brown  (7.5YR 
5/3)  moist,  color  variations  due  to  numerous  strati- 

IN  KCI  exchange  acidity 

Total  (me/IOOg) 

AI+++  (me/IOOg) 

CATION  EXCHANGE  CAPACITY  (me/IOOa) 

14.6 

16.1 

16.0 

20.9 

24.3 

26.1 

Na0Ac@pH  8.2 

BORON 

(mg/I) 

Remarks:  This  pedon  has  high  SAR.  fications  of  materials  influenced  by  sedimentary  var-  *Denotes  that  no  water  was  transmitted  through 

iations,  degree  of  oxidation,  carbonaceous  influence;  soil  column  prior  to  and  during  specified  period 

massive- structure;  very  hard  dry,  firm  moist,  sticky, 
plastic  vet;  noncalcareous ;  gradual  boundary. 


Table  23 


7-2006A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Study  Arerv  Rattlesnake  Butte 


Location.  Sec  10 

200 '£■ ■  100'S. . 


Twp  140  N.  Rangs  . 
of  NL  comer 


98  W. 


Relief:  Complex,  undulating 

FIfivation-  2640 _ 


Stoniness'  None 


North 


Climatrv  Semi-Arid 


Land  lisp.'  Cultivated 


Slope:  Aspect:. 
Vegetation  Small  Grain 
Erosion :  slisht _ 


Drainage'  Well  Drained 


Parent  Material'  Colluvial  over  soft  shale 

Soil  Series-  Farland _ ~ 

Soil  Classification  •  Typic  Argiborolls 


Ground  Water-  None _ 

Land  Form-  Dench  Remnant 


fine-silty,  mixed 


Point  Site  No.  8 


Profile  Description  By:  T-  Fiechti  pate-  8/78 

Correlated  By;  G.  Muckel_ 5/79 


LABORATORY  DESCRIPTION 


LAB  NO.  DEPTH  (Cm:) 


PROFILE  DESCRIPTION 


DETERMINATION 


DATA 


LABORATORY  NUMBER 

12,308 

12,309 

12, 

310  12 

,311 

12,312  12,313 

DEPTH 

( m) 

0-.3 

.3-. 76 

.76 

-1. 2  1. 

2-1.6 

1. 6-2.1  2.1-3. 0 

PARTICLE  SIZE  ANALYSIS  (percent) 

Very  Coarse  Sand 

( 2. 0-1.0  mm) 

Coarse  Sand 

(  1.0-0. 5mm) 

Medium  Sand 

(0.5-0. 25mm) 

Fine  Sand 

(0.25-  0.10mm) 

Very  Fine  Sand 

(0.10-0.05  mm) 

Total  Sand 

(2. 0-0. 05mm) 

37.5 

26.7 

19.2 

11.3 

13.2 

12.6 

Silt 

(0.05-0.002  mm) 

39.7 

47.7 

41.6 

39.5 

23.3 

34.9 

Clay 

(<  0.002  mm) 

22.8 

25.6 

39.2 

49.2 

63.5 

52.5 

TEXTURAL  CLASS  (LAB.) 

L 

L 

SiCL 

C 

C 

C 

BULK  DENSITY 

(g/cm3) 

HYDRAULIC  CONDUCTIVITY  (cm/hr) 

6th  hr 

0.16 

0.04 

* 

0.02 

0.04 

*2/3 

24th  hr 

0.12 

0.04 

* 

0.02 

0.04 

*9/10 

SETTLING  VOLUME 

(ml) 

22 

23 

27 

31 

44 

48 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

1/3  bar 

15  bar 

11.8 

12.1 

15.7 

19.1 

27.0 

26.8 

SOIL  REACTION-pH 

Paste 

1:5  H20 

7.0 

6.2 

6.9 

8.1 

8.5 

8.3 

1:2  0.01  M  CaCI2 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

CaCOs  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me  /  lOOg) 

+0.2 

-0.2 

+0.2 

-1.8 

-1.8 

+1.9 

SATURATION  EXTRACT 

Saturation  Percentage 

42.6 

47.0 

55.0 

66.1 

91.0 

97.0 

ECe @  25°C 

(mmhos/cm) 

1.0 

0.7 

0.6 

4.3 

4.4 

3.7 

Ca+  + 

(me/  1) 

3.52 

2.04 

1.40 

26.13 

14.  52 

4.24 

Mg  +  + 

(me/ 1 ) 

3.35 

2.17 

2.60 

22.34 

21.08 

11.13 

Na  + 

(me / 1 ) 

1.29 

1.44 

2.57 

11.05 

19.37 

24.87 

K  + 

(me/ 1 ) 

0.59 

0,22 

0.11 

0.21 

0.23 

0.38 

co3- 

(me/ 1 ) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

hco3- 

(me/ 1 ) 

0.74 

0.42 

4.25 

1.83  , 

1.53 

4.15 

ci- 

(me/ 1 ) 

0.10 

0.08 

0.07 

0.14 

0.12 

0.13 

so4- 

(me/ 1 ) 

1.53 

2.08 

2.33 

52.  60 

54.83 

32.73 

N03- 

(me/I ) 

6.67 

a.  83 

0.13 

4.42 

5.  58 

3.83 

SAR 

(me/I ) 

0.7 

1.0 

1.8 

2.2 

4.6 

9.0 

Na 

(me/  lOOg) 

0.05 

0.07 

0.14 

0.73 

1.76 

2.41 

■  Ca+Mg 

(me  / 1  OOg) 

0.29 

0.20 

0.22 

3.21 

3.24 

1.49 

1:5  EXTRACT 

EC 5  @ 25°C 

(mmhos/cm) 

0.09 

0.17 

0.95 

1.13 

0.88 

1.40 

Ca+Mg 

(me/I) 

0.75 

0,59 

1.07 

8.60 

7.10 

1.62 

EXCHANGEABLE  SODIUM 

(percent) 

0.8 

i.i 

2.3 

3.1 

5.9 

10. 

ACIDITY 

IN  KCI  exchange  acidity 

Total 

(me/ 1 OOg) 

AI+  +  + 

(me /  lOOg) 

CATION  EXCHANGE  CAPACITY  (me/IOOa) 

16.9 

19.7 

23.5 

20.7 

20.9 

23.5 

NaOAc@pH  8.2 

BORON 

(mg/I) 

♦Denotes 

that  no 

water  was  transmitted  through  Soil  gpo  833-796 

12,308 

T-1150 


0-o  3 


12,309 

T-1151 


12,310 

T-1153 


12,311 

T-1154 


12,312 

T-1155 


12,313 

T-1156 


.3-. 76 


.76-1.  2 


1.  2-l0  6 


1. 6-2.1 


2. 1-3,0 


2t 


IICQ 


0-.15  meters,  grayish  brown  (10YR  5/2)  light  clay  loam, 
very  dark  grayish  brown  (10YR  3/2)  moist;  weak, 
medium,  blocky  structure  separates  to  weak,  coarse, 
crumb  structure;  slightly  hard  dry,  friable  moist, 
slightly  sticky,  slightly  plastic  wet;  plentiful, 
fine  roots;  noncalcareous ;  abrupt  boundary. 

.15-. 30  meters,  grayish  brown  (10YR  5/2)  clay  loam,  dark 
brown  (10YR  3/2)  moist;  moderate,  medium,  prismatic 
structure  breaks  to  moderate,  medium,  blocky  structure; 
slightly  hard  dry,  friable  moist,  sticky,  plastic  wet; 
many,  thin  clay  films  on  ped  faces;  plentiful,  fine 
roots;  noncalcareous;  gradual  boundary. 

.30-. 76  meters,  grayish  brown  (10YR  5/2)  heavy  clay  loam, 
dark  brown  (10YR  3/3)  moist;  moderate,  medium, 
prismatic  structure  breaks  to  moderate,  medium,  blocky 
structure;  hard  dry,  friable  moist,  sticky,  plastic  wet; 
plentiful,  fine  roots;  noncalcareous;  gradual  boundary. 

.76-1.2  meters,  light  brownish  gray  (10YR  6/2)  heavy  clay 
loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak,  very 
coarse,  blocky  structure;  very  hard  dry,  firm  moist, 
sticky,  plastic  wet;  few,  fine  roots;  slightly  cal¬ 
careous,  gradual  boundary. 

1.2-1. 6  meters,  pale  brown  (10YR  6/3)  silty  clay,  dark 

grayish  brown  (10YR  4/2)  moist;  massive  structure;  very 
hard  dry,  firm  moist,  sticky,  plastic  wet;  strongly 
calcareous;  gradual  boundary. 

1. 6-2.1  meters,  grayish  brown  (10YR  6/2)  light  clay;  light 
brownish  gray  (10YR  5/2)  moist,  mottling  influence 
from  a  brownish  yellow  (10YR  6/6)  dry,  yellowish  brown 
(10 YR  5/6)  moist;  massive  structure;  hard  dry,  firm 
moist,  sticky,  plastic  wet;  slightly  calcareous;  abrupt 
boundary. 

2.1-2. 5  meters,  gray  (10YR  6/1)  light  clay,  dark  gray 
(10YR  4/1)  moist;  massive  structure;  hard  dry,  firm 
moist,  sticky,  plastic  wet;  noncalcareous;  abrupt 
boundary;  organic  carbon  influenced  horizon. 

2. 5-3.0  meters,  light  gray  (10YR  7/2)  light  clay,  light 
brownish  gray  (10YR  6/2)  moist,  with  strong  brown 
mottling  (7.5YR  5/6)  dry,  dark  brown  (7.5YR  4/3)  moist; 
massive  structure;  extremely  hard  dry,  very  firm  moist, 
sticky,  plastic  wet;  noncalcareous  semi consolidated 
sandy  shale. 


Remarks:  The  agrillic  is  in  question;  the  lab  data  sampling  was  not 
done  on  .15  to  .30  meters.  It  was  assumed  to  be  less  than 
15%  fs  and  coarser 
Sample  Number  T-1152  omitted 


Column  to  and  during  specified  testing  period 


Toble  24 


7-2006A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Study  A  rp n  ‘  Rattlesnake  Butte _  Rplipf-  Complex*  Undulating 

Location.  Sp.c  26  Twp  14om  Range  .  -  Elevation:  2i^9 - 

400'E.  ,  ISO'S.,  wk  corner _  Slope'.  Aspp.nt'  East _ 

P.limntp-  Semi-Arid _  Vpgp.tntinn'  Small  Grain _ 

Land  Ikp-  Cultivated  _  Frnsinn'  Slight _ 


Point  Site  No.  7 


LAB  NO. 


DEPTH  (€trn.) 


12,276 

T-1113  0-.3 


A 

P 


PROFILE  DESCRIPTION 


0-.15  meters,  dark  grayish  brown  (10YR  4/2)  fine  sandy 
loam,  very  dark  grayish  brown  (10YE  3/2)  moist,  weak 
medium,  blocky  structure,  breaks  to  moderate  medium, 
blocky  structure:  slightly  hard  dry,  friable  moist, 
nonsticky,  nonplastic  wet:  plentiful,  fine  roots:  non- 
calcareous;  abrupt  boundary. 


12,277 

T-1114 


12,278 

T-1115 


12,279 

T-1116 


.3- 


.76 


.76-1.3 


1.3-1. 9 


B  .15-. 30  meters,  brown  (10YR  4/3)  fine  sandy  loam,  dark 
21  grayish  brown  (10YR  4/2)  moist:  weak,  medium,  pris¬ 

matic  structure  breaks  to  moderate,  medium,  blocky 
structure;  slightly  hard  dry,  friable  moist,  non¬ 
sticky,  nonplastic  wet;  plentiful,  fine  roots;  noncal- 
careous;  gradual  boundary. 

B  ,30-. 76  meters,  brown  (10YR  5/3)  fine  sandy  loam,  dark 

brown  (10YR  3/3)  moist;  weak,  medium,  prismatic  struc¬ 
ture,  breaks  to  moderate,  medium,  blocky  sturcture; 
slightly  hard  dry,  friable  moist,  nonsticky,  nonplastic 
Wet;  few  fine  roots;  noncalcareous ;  gradual  boundary. 

.76-1.3  meters,  brown  (10 YR  5/3)  light  fine  sandy  loam, 
dark  grayish  brown  (10YR  4/2)  moist;  weak,  moderate, 
prismatic  structure,  breaks  to  moderate,  medium, 
blocky  structure;  slightly  hard  dry,  friable  moist, 
nonsticky,  nonplastic  wet;  (slightly  CaCo^  below  35,r): 
gradual  boundary. 

1. 3-1.6  meters,  brown  (10YR  5/3)  fine  sandy  loam,  dark 
brown  (10YR  4/3)  moist;  massive  structure;  slightly 
hard  dry,  veiy  friable  moist,  nonsticky,  nonplastic 
wet;  strongly  calcareous;  abrupt  boundary. 


rl 


r2 


12,280 

T-1117 


1.9-2. 5 


r3 


12,281 

T-1118  2. 


5-3.0  C  . 

r4 


1. 6-1.9  meters,  grayish  brown  (10YR  5/2)  loam,  very  dark 
grayish  brown  (10YR  3/2)  moist;  massive  structure; 
slightly  hard  dry,  friable  moist,  nonsticky,  nonplas¬ 
tic  wet;  strongly  calcareous;  abrupt  boundary. 

1. 9-2.5  meters,  pale  brown  (10YR  6/3)  loamy  fine  sand, 
brown  (10YR  5/3)  moist;  massive  structure;  soft  dry, 
loose  moist,  nonsticky,  nonplastic  wet;  strongly 
calcareous;  abrupt  boundary. 

2. 5-3.0  meters,  pale  brown  (10YR  4/3)  sandy  shale,  light 
fine  sandy  loam,  grayish  brown  (10YR  5/2)  moist; 
mottling  varies  from  yellowish  brown  (10YR  5/6)  dry, 
dark  yellowish  brown  (10YR  4/4)  moist;  massive  struc¬ 
ture;  slightly  hard  dry,  very  friable  moist,  non¬ 
sticky,  nonplastic  wet;  strongly  calcareous. 


Rtnninpsq'  None _ Parent  Material: _ Sandy  Alluvium - 

_  Soil  Series:  Parshall _ 

rirninnijp-  Somewhat  Excessively  Drained _  Soil  P.lnssif  ir.ntinn  -  Pachic  Haploborolls _ 

Ground  Wntpr’  None _  coarse  loamy,  mixed. _ 

Land  Form-  Hirh  Stream  Terrace _  Profile  Description  By'  T.  Fiechtl _ Date:  8/78 

Correlated  By:  G.  Muckel_ 5/79 


LABORATORY  DESCRIPTI 

ON 

DETERMINATION 

DATA 

LABORATORY  NUMBER 

12,276 

12,277 

12,278 

12,279 

12,280 

12,281 

DEPTH 

(  m) 

0-.  3 

.3-. 76 

.76-1.3 

1.3-1. 9 

1.9-2. 5 

2. 5-3.0 

PARTICLE  SIZE  ANALYSIS  (percent) 

Very  Coarse  Sand  (2. 0-1. Omm) 

0.5  , 

0,2 

9.2 

0.9 

0.8 

0.6 

Coarse  Sand 

(  1.0-0. 5mm) 

6.4 

5.0 

5.3 

4.3 

6.5 

10.8 

Medium  Sand 

(0.5-0. 25mm) 

28.2 

24.1 

23.3 

14.9 

23.5 

34.6 

Fine  Sand 

(0.25-  0.1  Omm) 

34.2 

38.9 

40.0 

38.4 

39.2 

29.4 

Very  Fine  Sand 

(0.l0-0.05mm) 

6.4 

7.3 

7.6 

7.2 

6.4 

5.5 

Total  Sand 

(2. 0-0. 05mm) 

75.7 

75.5 

75.4 

65.7 

76.4 

80.9 

Silt  (0.05-0.002  mm) 

14.3 

13.9 

14.1 

22.9 

15.9 

11.7 

Clay 

( <  0.002  mm) 

10.0 

10.6 

10.5 

11.4 

7.7 

7.4 

TEXTURAL  CLASS  (LAB.) 

SL 

FSL 

FSL 

FSL 

SL 

LS 

BULK  DENSITY 

HYDRAULIC  CONDUCTIVITY 

6th  hr 

(g/cm3) 
(cm/  hr) 

3.15 

3.15 

3.35 

2.36 

4.99 

5.34 

24th  hr 

3.54 

3.70 

3.72 

2.68 

4.16 

5.58 

SETTLING  VOLUME 

(ml) 

18 

17 

18 

19 

18 

17 

MOISTURE  RETENTION 

(percent) 

l/IO  bar 

1/3  bar 

15  bar 

6.5 

6.2 

6. 3 

7.4 

5.7 

5.6 

SOIL  REACTION-pH 

Paste 

1:5  Hz0 

6.4 

6.7 

7.4 

8.2 

8.6 

8.7 

1:2  0.01  M  CaCI2 

ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

CaCOx  EQUIVALENT 

GYPSUM  REQUIREMENT 

(percent) 
(ppm) 
(percent) 
(me  / 1 00g) 

0.0 

0.0 

0.0 

0.0 

-0.4 

0.0 

SATURATION  EXTRACT 

Saturation  Percentage 

29.1 

28.7 

31.5 

34.1 

34.5 

31.5 

ECe@  25°C 

(mmhos/cm) 

0o  3 

0.2 

0.4 

0.4 

0.4 

0.4 

Ca  +  + 

(me/ 1 ) 

2. 42 

1.  57 

3.30 

2.85 

2.24 

2.01 

Mg  +  + 

(me / 1 ) 

0„  69 

0.  53 

0.81 

0.53 

0.76 

0.71 

Na  + 

(me/I) 

0.19 

0.33 

0.37 

0.48 

0.73 

1.  29 

K  + 

(me/ 1 ) 

0.20 

0.05 

0.05 

0.05 

0.05 

0.06 

co3- 

(me/ 1 ) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

hco3- 

(me/ 1 ) 

2.18 

1.68 

3.65 

2.71 

2.61 

2.99 

Cl- 

(me/ 1 ) 

0.14 

0.10 

0.11 

0.11 

0.11 

0.09 

so4- 

(me/ 1 ) 

0.26 

0.37 

0.42 

0.49 

0.70 

0.49 

no3- 

(me/I ) 

0.25 

0.09 

0.18 

0.30 

0.20 

0.33 

SAR 

(me/I ) 

0.2 

0.3 

0.3 

0.4 

0.6 

i.i 

No 

(me/  lOOg) 

0.01 

0.01 

0.01 

0.02 

0.03 

0.04 

•  Ca+Mg 

(me  / 1  OOg) 

0.09 

0.07 

0.13 

0.12 

0.11 

0.08 

1:5  EXTRACT 

EC5@  25°C 

(mmhos/cm) 

0.06 

0.04 

0.13 

0.15 

0.12 

0.12 

Ca+Mg 

(me/I) 

0.55 

0.52 

1.26 

1.34 

1.05 

0.88 

EXCHANGEABLE  SODIUM 

(percent) 

1.5 

2.1 

1.1 

1.1 

2.1 

3.8 

ACIDITY 

INKCI  exchange  acidity 
Total 

AI+  +  + 

CATION  EXCHANGE  CAPAC 

(me/ lOOg) 
(me /  lOOg) 
ITY  (me/IOOq) 

7.1 

6.8 

7.0 

8.3 

6.1 

5.8 

NaOAc(3pH  8.2 

(mg/I) 

BORON 

GPO  833-796 


Table  25 


7-2006 A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Study  Area-  Rattlesnake  Butte 


Relief'  Complex .  Undulating 


Stoniness1  None 


Location.  Sec._ 

isno'N-  .  ionrF. 


20 


Twp  140  N  Range  . 

f  W-b  rnrnpr 


98  W 


Elevation'  2620 
Slope:  Aspect:. 


Parent  Material: _ soft  shaiP,  sand«tnnP 


Soil  Series: _ Qaginm  iiko 


Soutli  East 


Drninngp.'  Well  Drained 


Climate-  Semi-Arid 
Land  Use: 


Cultivated 


Vegetation:  small  Grain 
Erosion: _ slight _ 


Ground  Water: _ None _ 

Land  Form-  Colluvial .  deep 


Soil  Classification:  .Typic  Natrikorolls _ 

Pi  ne ,  mnntmnrf  11  rmi 1 1  r 


Point  Site  No o  5 


Profile  Description  By:  t.  Fiechti 

Correlated  By:  G.  Muckel 


Date:  8/78 


5/79 


LABORATORY  DESCRIPTION 


LAB  NO. 


DEPTH  (Ofl*-) 


PROFILE  DESCRIPTION 


DETERMINATION 


12,292 

12,293 

12,294 

12,295 

12, 

296 

(m) 

SIS  (percent) 

( 2.0- 1.0  mm) 

(  1 .0-0.5  mm) 
(0.5  -  0.25mm) 
(0.25-  0.10mm) 
(0. 10-  0.05  mm) 

0-.3 

.3-. 61 

.61-1.2 

1.2-1. 

8  1.8 

-2.4 

(2. 0-0. 05mm) 

26.3 

26.2 

14.6 

7.3 

8.4 

2.2 

(0.05-0.002  mm) 

44.2 

40.4 

49.4 

58.1 

46.2 

48.4 

(<  0.002  mm) 

29.  5 

33.4 

36.0 

34.6 

45.4 

49.4 

.) 

(g/cm3 ) 
TY  (cm/hr) 

CL 

CL 

SiCL 

SiCL 

SiC 

SiC 

0.06 

0.04 

*2/4 

*2/3 

*1/3 

*1/3 

(ml) 

(percent) 

0.08 

0.06 

*3/4 

*3/4 

*1/2 

*1/2 

.45 

.31 

45 

45 

44 

52 

DATA 


12,292 

T-1131 


0-.30 


0-.05  meters,  dark  grayish  brown  (10YR  4/2)  fine  sandy 
loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  mod¬ 
erate,  medium,  granular  structure;  soft  dry,  very 
friable  moist,  nonsticky,  nonplastic  wet;  plentiful, 
fine  roots;  noncalcareous ;  abrupt  boundary. 


12 


,05-o 25  meters,  dark  grayish  brown  to  brown  (10YR  4/2) 
light  clay  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  moderate,  medium,  prismatic  structure  breaks 
to  moderate,  medium  blocky  structure;  very  hard  dry, 
friable  moist,  sticky,  slightly  plastic  wet;  plenti¬ 
ful,  fine  roots;  noncalcareous;  abrupt  boundary. 


22t  .25-. 30  meters,  grayish  brown  (10YR  5/2)  heavy  clay  loam, 

dark  grayish  brown  (10YR  4/2)  moist;  moderate,  medium, 
prismatic  structure  breaks  to  moderate,  medium  blocks, 
very  hard  dry,  Triable  rnoist,  sticky  and  plastic  wet; 
many  thin  clay  films  on  ped  faces;  noncalcareous; 
gradual  boundary. 


12,293 

T-1132 


12,294 

T-1133 


.30-. 61 


.61-1.2 


3ca 


12,295 

T-1134 


12,296 

T-1135 


12,297 

T-1136 


1.2-1. 8 


1.8-2. 4 


2.4-3. 0 


.30-. 61  meters,  grayish  brown  (10YR  5/2)  clay  loam,  dark 
grayish  brown  (10YR  4/2)  moist;  moderate,  medium, 
prismatic  structure  breaks  to  moderate,  medium  blocks; 
very  hard  dry,  friable  moist,  sticky,  plastic  wet; 
strongly  calcareous;  gradual  boundary. 

.61-. 76  meters,  brown  (10YR  5/3)  clay  loam,  dark  brown 
(10YR  4/3)  moist:  weak,  coarse,  prismatic  structure 
breaks  to  moderate,  coarse,  blocky  structure;  very 
hard  dry,  friable  moist,  sticky,  plastic  wet;  Pew, 
fine  roots;  common  fine  masses  of  precipitated  salts 
strongly  calcareous;  gradual  boundary. 

.76-1.2  meters,  pale  brown  (10YR  6/3)  clay  loam,  grayish 
brown  (10YR  5/2)  moist;  weak,  coarse,  blocky  structure; 
very  hard  dry,  friable  moist,  sticky,  plastic  wet; 
strongly  calcareous. 


IIC3  1. 2-1.8  meters,  pale  brown  (10YR  6/3)  very  fine  sandy  loam, 
grayish  brow  (10YR  6/2)  moist;  massive  structure; 
slightly  hard  dry,  loose  moist,  slightly  sticky,  non¬ 
plastic  wet;  slightly  calcareous;  diffuse  boundary. 

C4  1.8-2. 4  meters,  light  gray  (10YR  7/2)  very  fine  sandy  loam, 
light  brownish  gray  (10YR  6/2)  moist;  massive  struc¬ 
ture;  slightly  hard  dry,  loose  moist,  slightly  sticky, 
nonplastic  wet;  slightly  calcareous;  diffuse  boundary. 

Cg  2. 4-2. 7  meters,  light  gray  (10YR  7/2)  fine  sandy  loam, 

light  brownish  gray  (10YR  6/2)  moist;  massive  struc¬ 
ture;  slightly  hard  dry,  soft  moist,  nonsticky, 
nonplastic  wet;  slightly  calcareous;  diffuse  boundary. 


LABORATORY  NUMBER 
DEPTH 

PARTICLE  SIZE  ANALYSI 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
Total  Sand 
Silt 
Clay 

TEXTURAL  CLASS  (LAB.) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 

6,h  hr 

24fh  hr 

SETTLING  VOLUME 
MOISTURE  RETENTION 

1/10  bar 
1/3  bar 
15  bar 

SOIL  REACTION-pH 
Paste 
1:5  H20 

1:2  O.OI  M  CaCI2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

CaCO^  EQUIVALENT 
GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 

Saturation  Percentage 
ECe@25°C 
Ca  +  + 

Mg  +  + 

Na  + 

K  + 

C03- 

HCO3- 

Cl- 

so4- 

NO,- 

SAR 

Na 

'  Ca+Mg 
1:5  EXTRACT 


12,297 
2. 4-3.0 


12.8 


8.S 


20.3 


8.6 


12.3 


9.1 


15.9 


9.0 


17.3  19.1 


9.1 


EC5@  25°C 
Ca+Mg 

EXCHANGEABLE  SODIUM 


(percent) 
(ppm) 
(percent) 
(me  /  lOOg) 


(mmhos/cm) 
(me/ I ) 
(me / I ) 
(me / 1 ) 
(me/ I ) 
(me/ I ) 
(me/I ) 
(me/ 1 ) 
(me/ 1 ) 
(me/I ) 
(me/I ) 
(me/  lOOg) 
(me  / 1  OOg) 

(mmhos/cm) 

(me/I) 

(percent) 


ACIDITY 


IN  KCI  exchange  acidity 
Total 
Al  +  +  + 

CATION  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


(me/  lOOg) 
(me / I OOg ) 
(me  /  lOOg) 

(mg/I) 


13  9 


12.4 


14.3 


9.1 


+0.  5 

-13. 

-6.0 

-5.2 

-2.4 

-2.8 

49.0 

59.3 

71.8 

72.1 

81.7 

87.4 

1.7 

9.5 

15.2 

17.5 

19.2 

21.9 

3.14 

21.78 

21.18 

20.63 

20.13 

20.08 

2.89 

32.84 

55.72 

60.70 

69.65 

72.64 

12.91 

80.49 

148.88 

185.18 

209.38 

232.00 

0.14 

0.08 

0.12 

0.13 

0.12 

0.11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

4.94 

1.94 

1.61 

1.85 

1.49 

1.57 

0.12 

0.21 

0.12 

0.11 

0.08 

0.08 

15.60 

118.75 

216.67 

260.42 

29  4.79 

302.08 

0.01 

0.24 

1.40 

2.  67 

4.17 

7.67 

7.4 

15. 

24. 

29. 

31. 

34. 

0.63 

4.77 

10.69 

13.55 

17.11 

20.28 

0.29 

3.15 

5.52 

5.87 

7.33 

8.60 

0.37 

3.40 

3.50 

5.10 

5.50 

6.30 

1.18 

35.40 

19.50 

32.90 

19.30 

38.00 

9.1 

13. 

16. 

22. 

13. 

12. 

17.2 


Remarks :  clay  content  bord- IltCz 

enng  fine-silty  family. 


2. 7-3.0  meters,  very  pale  brown  (10YR  7/3)  light  sand  clay 

loam,  brown  (10YR5/3)  moist;  mottling  influenced;  pale 
brown  (10YR  6/3)  to  brown  (10YR  5/3)  moist;  massive 
structure;  hard  dry,  friable  moist,  slightly  sticky, 
slightly  plastic  wet;  noncalcareous. 


* Denotes  that  no  water  was  transmitted  through 
soil  column  prior  to  and  during  specified  testing  period 


Table  26 


7 -2006 A  (1-76) 

Bureau  of  Reclamation 


U.S.  BUREAU  OF  RECLAMATION 

POINT  SITE  LAND  CHARACTERIZATION 

(WITH  DETERMINATIONS) 


Rattlesnake  Butte 


Study  Area:. 

Location.  Sec._l4 _ Twp.  1443L  Range  99W 

lOOO'E.  of  SW.  comer 

Climate: _ Semi -Arid - 

Land  Use:  Pasture _ _ _ 


Relief  •  Simple,  nearly  level 


Stoniness: 


None 


Elevation: _ 25is_ 


Slope:  Aspect: _ North 

Vegetation :  Gramma 

Erosion: _ slight _ 


rirninnqp'  Moderately  well  to  imperfectly  drained 

Ground  Water: _ 2.4  meters - 

Land  Form:. 


Parent  Material: _ Soft  shaie_ 

Soil  Series  •  Rhoades _ 


Soil  r.lnesifir.ntmn-  ^ne,  montmorillonitic 


Leptic  Natriborolls 


Colluvial  bottom 


Profile  Description  Ry  T-  Flechtl _ Date:  8/78 

G.  Muckel 


Point  Site  No.  9 


LAB  NO. 


12,288 

T-1125 


12,289 

T-1126 


12,290 

T-1127 


12,291 

T-1128 


DEPTH  (£fl*) 


0-.45 


.45-1.1 


1.1-1. 6 


1. 6-2.4 


PROFILE  DESCRIPTION 


*12 


AB 


2t 


3ca 


0-.05  meters,  11  g lit  brownish  gray  (10YR  6/2)  silt  loam, 
dark  grayish  brown  (10YR  4/2)  moist;  moderate,  med¬ 
ium  platy  structure  breaks  to  moderate,  medium,  crumb 
structure;  slightly  hard  dry,  veiy  friable  moist, 
sticky,  slightly  plastic  wet;  plentiful,  fine  roots; 
noncalcareous ;  abrupt  boundary. 

.05-. 10  meters,  light  brownish  gray  (10YR  6/2)  heavy  clay 
loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak,  med¬ 
ium,  prismatic  structure,  breaks  to  moderate,  medium, 
blocky  structure;  slightly  hard  dry,  friable  moist, 
sticky,  plastic  wet;  plentiful,  fine  roots;  noncal¬ 
careous;  gradual  boundary, 

.10-. 22  meters,  grayish  brown  (10YR  5/2)  heavy  clay  loam, 
very  dark  grayish  brown  (10YR  3/2)  moist;  moderate,  med 
ium,  columnar  prismatic  structure,  breaks  to  moderate, 
medium,  blocky  structure;  very  hard  dry,  firm  moist, 
sticky,  plastic  wet;  thin,  continuous  clay  skins  on 
ped  face;  plentiful,  fine  roots,  noncalcareous; 
gradual  boundary. 

.22-. 45  meters,  light  grayish  brown  (10YR  6/2)  heavy  clay 
loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak, 
coarse,  prismatic  structure  breaks  to  moderate,  med¬ 
ium  blocky  structure;  slightly  hard  dry,  friable  moist, 
sticky,  plastic  wet;  plentiful,  fine  roots;  many , fine 
masses  of  precipitated  salts  strongly  calcareous; 
gradual  boundary. 

.45-1.1  meters,  pale  brown  (10YR  6/3)  clay  loam,  brown 
(10YR  4/3)  moist;  mottles  in  lower  parts  weak,  coarse 
blocky  structure  breaks  to  moderate,  medium,  blocky 
structure;  very  hard  dry,  firm  moist,  sticky,  plastic 
wet;  few,  fine  roots;  many  fine  masses  of  precipitated 
salts  strongly  calcareous;  gradual  boundary. 

1,1-1. 6  meters,  pale  brown  (10YR  6/3)  clay  loam,  brown 
(10YR  5/3)  moist;  massive  structure;  very  hard  dry, 
firm  moist,  sticky,  plastic  wet;  strongly  calcareous; 
gradual  boundary. 

1. 6-2.4  meters,  light  brownish  gray  (10YR  6/2)  clay  loam, 
grayish  brown  (10YR  5/2)  moist;  massive  structure; 
very  hard  dry,  firm  moist,  sticky,  plastic  wet;  strong 
ly  calcareous. 


LABORATORY 

DESCRIPTION 

DETERMINATION 

DATA 

LABORATORY  NUMBER 

12,288 

12,289 

12,290 

12,291 

DEPTH 

( m) 

0-.45 

.45-1.1 

1.1-1. 6 

1.6-2. 4 

PARTICLE  SIZE  ANALYSIS  (percent) 

Very  Coarse  Sand 

( 2. 0-1.0  mm) 

Coarse  Sand 

( I.O-0. 5mm) 

Medium  Sand 

(0.5-0. 25mm) 

Fine  Sand 

(0.25-  0.10mm) 

Very  Fine  Sand 

(0.10-0. 05mm) 

Total  Sand 

(2. 0-0. 05mm) 

7.3 

8.4 

i5. 6 

15.6 

Silt 

(0.05-0.002  mm) 

47.7 

55.6 

54.4 

49.4 

Clay 

(<  0.002  mm) 

45.0 

36.0 

30.0 

35.0 

TEXTURAL  CLASS  (LAB.) 

Sic 

Sicl 

Sicl 

Sicl 

BULK  DENSITY 

(g/cm3) 

HYDRAULIC  CONDUCTIVITY  (cm/hr) 

6th  hr 

*3/4 

*3/4 

n/2 

*3/4 

24th  hr 

0.01 

* 

*2/3 

* 

SETTLING  VOLUME 

(ml) 

29 

34 

62 

51 

MOISTURE  RETENTION 

(percent) 

l/IO  bar 

1/3  bar 

15  bar 

4.5 

7.6 

12.9 

15.5 

SOIL  RE  ACT  ION  -  pH 

Paste 

1:5  H20 

8.2 

9.0 

9.5 

9.1 

1:2  O.OI  M  CaCI2 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

CaCOx  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me  / 1  OOg) 

-1.0 

-2.0 

+3.6 

+1.5 

SATURATION  EXTRACT 

Saturation  Percentage 

65.0 

64.2 

80.0 

73.9 

ECe @  25°C 

(mmhos/cm) 

7.7 

12.9 

3.6 

2.1 

Ca  +  + 

( me/ 1 ) 

21.29 

19.80 

1.32 

1.60 

Mg  +  + 

(me / 1 ) 

33.83 

65.67 

4.16 

2.35 

Na  + 

(me / 1 ) 

54.71 

112.06 

32.67 

18.03 

K  + 

(me/ 1 ) 

0.42 

0.21 

0.07 

0.09 

co3- 

(me/ 1 ) 

0.00 

0.00 

0.00 

0.00 

HC03- 

(me/ 1 ) 

5.  50 

1.96 

3.99 

3.55 

ci- 

(me/ 1 ) 

0.20 

0.14 

0.10 

0.12 

so4- 

(me/ 1 ) 

105.21 

186.46 

32.73 

18.42 

no3- 

(me/I ) 

0.02 

0.02 

0.22 

0.35 

SAR 

(me/I ) 

10. 

17. 

20. 

13. 

Na 

(me/  lOOg) 

3.56 

7.19 

2.61 

1.33 

•  Ca+Mg 

(me  / 1  OOg) 

3.58 

5.49 

0.44 

0.29 

1:5  EXTRACT 

EC5@  25°C 

(mmhos/ cm) 

1.75 

2.50 

0.80 

0.48 

Ca+M'g 

( me/ 1 ) 

1.10 

9.00 

0.  55 

0.71 

EXCHANGEABLE  SODIUM 

(percent) 

12. 

14. 

24. 

12. 

ACIDITY 

IN  KCI  exchange  acidity 

Total 

(me/ lOOg) 

AI  +  +  + 

(me  /  lOOg) 

CATION  EXCHANGE  CAPACITY  (me/IOOq) 

18.0 

14.2 

13.9 

18.4 

NaOAc@pH  8.2 

BORON 

(mg/I) 

GPO  833-796 


soil  column  prior  to  and  during  apecified  testing  period 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
WATER  AND  POWER  RESOURCES  SERVICE 

BISMARCK,  NORTH  DAKOTA 
SOIL  ANALYSIS  DATA  SHEET 
GEOLOGIC  CORE  ANALYSIS 
DH-78-10.1 


Study  Area:  Rattlesnake  Butte,  North  Dakota 
Location.  Sec. _ Twp. _  Range _ 


Stoniness 


Elevation : . 


Parent  Material:. 
Soil  Series:  _ 


Climate : _ 


Land  Use : . 


Slope  Aspect:. 

Vegetation: _ 

Erosion: _ 


Drainage : _ 


Soil  Classification:. 


Ground  Water : . 
Land  Form: _ 


Profile  Description  By: . 


_Date : _ 


LABORATORY  '  DESCRIPTION 


DETERMINATION 


DATA  (ppm) 


DETERMINATION 


DATA 


NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


Laboratory  Number 

11,701 

11,702 

11,703 

11,704 

11,705 

11,706 

Laboratory  Number 

11,701 

11  ,702 

11,703 

11,704 

11  ,705 

11,706 

Sack  Number 

101-1 

101-2 

101-3 

101-4 

101-5 

101-6 

Sark  Number 

101-1 

10.1-'! 

3  -3 

101-4 

101-5 

101-6 

Depth  (FT) 

0-20.0 

20.0-40.0 

40.0-67.0 

67.0-80.0 

80.0-103.4 

103.4-122.9 

DEPTH 

(Ft) 

0-20.0 

20.0-40.0 

40.0-67.0 

67.0-80.0 

80.0-103.4 

103.4-122 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

0.1 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

0.3 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

86.0 

TOTAL  SAND 

(2.0-0.05  mm) 

11.4 

11.4 

26.8 

22.8 

8.3 

65.0 

BORON 

B 

0.1 

0.9 

0.3 

0.0 

2.1 

,  0.0 

SILT 

(0.05-0.002  mm) 

48.4 

35.0 

38.8 

57.0 

87.3 

16.0 

CLAY 

(  0.002  mm) 

40.2 

53.6 

34.4 

20.2 

4.4 

19.0 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SIC 

C 

CL 

SiL 

Si 

VFSL 

BULK  DENSITY 

(§/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

1.12 

0.  22 

0.50 

0.12 

0.16 

0.04 

24th  Hr. 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

43 

122 

100 

77 

95 

95 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

18.9 

28.1 

35.5 

32.7 

33.4 

39.2 

COPPER 

Cu 

8.6 

9.6 

11.6 

5.0 

8.0 

1.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

308.0 

74.0 

64.0 

98.0 

76.0 

28.8 

1:5  H2O 

1:2  0.01  M  CaCl2 

7.6 

8.8 

9.6 

10.0 

9.9 

10.2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO^  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

MANGANESE 

Mn 

7.8 

17.6 

19.6 

15.2 

17.2 

3.0 

SATURATION  EXTRACT 

Saturation  Percentage 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos /cm) 

15.0 

6.0 

3.2 

1.8 

2.0 

1.4 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


4.4 


5.0 


1.8 


4.0 


2.0 


3.4 


4.7 


11.4 


6.  6 


9.4 


7.2 


Ca-H- 

Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO3- 

SAR 

Na 

Ca4Mg 

1:5  EXTRACT 
FC5@  25°  C 

Ca+Mg 

EXCHANGEABLE  SODIUM 
ACIDITY 

IN  KCL  exchange  acidity 
Total 
A1+++ 

C AT I ON  EXCHANGE  CAPACITY 


NaOAc@pH  8.2 
BORON 


(me/1) 
(me/1) 
(me/1) 
(me  / 1 ) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos / cm) 
(me/1) 
(percent) 


(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

(mg/1) 


35.0 


23.0 


O 

”h 

ro 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
WATER  AND  POWER  RESOURCES  SERVICE 
BISMARCK,  NORTH  DAKOTA 
SOIL  ANALYSIS  DATA  SHEET 
GEOLOGIC  CORE  ANALYSIS 
DH-78-101  (cont.) 


Study  Area: 


.  Rattlesnake  Butte,  North  Dakota 


Relief 


Stoniness : 


Location.  Sec.. 


.  Twp . 


.  Range  _ 


Elevation : . 


Parent  Material:, 
Soil  Series:  _ 


Climate : _ 
Land  Use: 


Slope  Aspect:, 

Vegetation: _ 

Erosion: _ 


Drainage : 


Soil  Classification: 


Ground  Water:. 
Land  Form: _ 


Profile  Description  By:. 


LABORATORY 

1  DESCRIPTION 

determination 

DATA 

DETERMINATION 

DATA 

Laboratory  Number- 

11,707 

11,708 

11,709 

11 ,710 

Laboratory  Number 

11,707 

11,708 

11,709 

11,710 

Sack  Number 

101-7 

101-8 

101-9 

101-10 

Sark  Number 

101-7 

101-8 

101-9 

101-10 

Depth  (Ft) 

122.9-132.6 

149.9-165.3 

165.3-185.0 

185.0-205.2 

DEPTH 

(Ft) 

122.9-132. 

6  149.9-165.3 

165.3-185.0 

185.0-205.2 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.0 

0.5 

Coarse  Sand 

(1.0-0. 5  mm) 

0.4 

1.8 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

9.4 

18.9 

Fine  Sand 

(0.25-0.10  mm) 

38.4 

55.0 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

22.3 

8.5 

TOTAL  SAND 

(2.0-0.05  mm) 

2.1 

3.7 

70.5 

84.7 

BORON 

B 

0.8 

0.0 

0.8 

0.7 

SILT 

(0.05-0.002  mm) 

57.0 

64.1 

14.6 

6.3 

CLAY 

(  0.002  mm) 

40.9 

32.2 

'  14.9 

9.0 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiC 

SI  CL 

FSL 

LFS 

BULK  DENSITY 

(g/cm^) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

n  pr 

C.  00 

o.OO 

CADMIUM 

Cd 

0.30 

0.24 

0.06 

0.04 

24th  Hr. 

o.ry 

'• .  o  0 

■  0 

0.00 

SETTLING  VOLUME 

(ml) 

115 

59 

05 

53 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

.  ' 

34.5 

19.6 

11.3 

COPPER 

Cu 

14 . 2 

8.4 

2.0 

1.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

98.0 

36.4 

47.2 

70.0 

1:5  H2O 

9.7 

9.8 

1C.0 

9. 9 

1:2  0.01  M  CaCl? 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

MANGANESE 

Mn 

24.0 

1.8 

3.8 

6.4 

SATURATION  EXTRACT 

Saturation  Percentage 

MOLYBDENUM 

Mo 

EC e@  25  C 

(mmhos/ cm) 

3 . 2 

2.  9 

3.2 

Ca-H- 

(me/1) 

NICKEL 

Ni 

Mg++ 

(me/l) 

Na+ 

(me/1) 

PHOSPHOROUS 

P 

K+ 

(me/1) 

CO  3- 

(me/l) 

LEAD 

Pb 

6.8 

7.0 

2.8 

2.0 

HCO3- 

(me/1) 

Cl- 

(me/l) 

STRONTIUM 

Sr 

SO4- 

(me/l) 

NO3- 

(me/l) 

SELENIUM 

Se 

SAR 

(me/l) 

56.0  ‘ 

46.0 

Na 

(me/lOOg) 

VANADIUM 

V 

Ca-tMg 

(me/lOOg) 

1:5  EXTRACT 

ZINC 

Zn 

13.2 

13.4 

5.4 

4.7 

F.C5ca  25“ C 

(mmhos /cm) 

Ca+Mg 

(me/l) 

EXCHANGEABLE  SODIUM 

(percent) 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

Al-H-f 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

NaOAc@pH  8.2 

L 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
WATER  AND  POWER  RESOURCES  SERVICE 
BISMARCK,  NORTH  DAKOTA 

SOIL  ANALYSIS  DATA  SHEET 
GEOLOGIC  CORE  ANALYSIS 
DH-78-102 


Study  Area:  Rattlesnake  Butte,  North  Dakota 
Location.  Sec. _ Twp. _ Range _ 


Relief 


Stoniness 


Elevation: . 


Parent  Material:. 
Soil  Series:  _ 


Slope  Aspect:. 

Vegetation: _ 

Erosion: _ 


Drainage : _ 


Soil  Classification:. 


Ground  Water:. 
Land  Form: _ 


Profile  Description  By:. 


_Date : _ 


LABORATORY  '  DESCRIPTION 


DETERMINATION 

DATA  (ppm) 

DETERMINATION 

DATA  i 

Laboratory  Niimbr-** 

11,711 

11,712 

11,713 

11,714 

11,715 

11,716 

Laboratory  Number 

Sack  Number 

102-1 

102-2 

102-3 

102-4 

102-5 

102-6 

Sark  Number 

Depth  (Ft) 

0-25.0 

25.0-48.7 

60.8-83.0 

83.0-98.0 

98.0-112.8  11 

2.8-129.  5 

DEPTH 

(Ft) 

11,711 

11,712 

11,713 

11,714 

11,715 

11,716 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

102-1 

102-2 

102-3 

102-4 

102-5 

102-6 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0-25.0 

25.0-48.7 

60.8-83.0 

83.0-98.0 

98.0-112.8 

112.8-129.5 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

16.2 

10.3 

1.2 

4.7 

19.3 

63.1 

BORON 

B 

0.1 

0.5 

1.5 

2.4 

2  2 

0.7 

SILT 

(0.05-0.002  mm) 

65.2 

53.7 

70.6 

65.2 

49.7 

16.5  ! 

CLAY 

(  0.002  mm) 

28.6 

36.0 

28.2 

30.1 

31.0 

20.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiCL 

SiCL 

SiCL 

SiCL 

SiCL 

SCL 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr, 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.16 

0.26 

0.24 

0.22 

0.18 

0.10 

24th  Hr. 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

45 

60 

57 

104 

156 

100 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

21.1 

26.7 

32.4 

34.3 

42.1 

37.3  ; 

COPPER 

Cu 

2.8 

7.6 

12.8 

8.6 

10.3 

2.4 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

56.0 

46.0 

112.0 

108.0 

74.0 

52.0 

1:5  H2O 

8.3 

8.6 

9.  5 

9.9 

9.3 

10.1 

MERCURY 

LITHIUM 

MANGANESE 

MOLYBDENUM 

NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


Hg 

Li 

Mn 

Mo 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


11.0 


11.0 


30.0 


27.8 


13.2 


6.8 


1.4 


3.8 


3.4 


4.0 


4.0 


1:2  0.01  _M_CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 
Ca  CO-i  EQUIVALENT 
GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
EC e@  25  C 
Ga-H- 
Mg-H- 
Na+ 

RI¬ 
CO  3- 
HCO3- 
Cl- 
SO4- 
NO3- 
SAR 
Na 

Ca-tMg 

1:5  EXTRACT 


FC53  25" C 

Ca+Mg 

EXCHANGEABLE  SODIUM 
ACIDITY 

IN  KCL  exchange  acidity 
Total 
A1+++ 

C AT I ON  EXCHANGE  CAPACITY 
NaOAc@pH  8.2 
BORON 


(percent) 

(ppm) 

(percent) 

(me/lOOg) 


(mmhos/ cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos / cm) 
(me/1) 
(percent) 


(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

(mg/1) 


8.4 


7.1 


1.9 


2.7 


2.5 


14.0 


42.0 


44.0 


O 
— ♦% 

ro 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
WATER  AND  POWER  RESOURCES  SERVICE 
BISMARCK,  NORTH  DAKOTA 
SOIL  ANALYSIS  DATA  SHEET 
CEOLOGIC  CORE  ANALYSIS 
DH-78-102  (cnnt.) 


Study  Rattlesnake  Butte,  North  Dakota 

Location.  Sec _ Twp - Range - 


Relief : 


Stoniness : 


Elevation: 


Climate : _ 


Land  Use :  . 


Slope  Aspect: 

Vegetation: _ 

Eros  ion : _ _ 


DETERMINATION 


Laboratory  Nnmbo-- 
Snck  Number 
Depth  (Ft) 

ALUMINUM 

SILVER 

ARSENIC 

BORON 

BARIUM 

BERYLLIUM 

CADMIUM 

COBALT 

CHROMIUM 

COPPER 

IRON 

MERCURY 

LITHIUM 

MANGANESE 

molybdenum 

NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


A1 

Ag 

As 

B 

Ba 

Be 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Li 

Mn 

Mo 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


DATA  (ppm) 


11,717  11,718  11,719  11,720  11,721 

102-7  102-8  102-9  102-10  102-11 

129.5-159.5  164.3-174.9  174.9-195.0  195.0-217.2  217.7-245.6 


3.5 


0.36 


11.2 

94.0 


17.2 


3.2 


1.4 


0.18 


10.4 

112.0 


19.2 


0.9 


0.14 


9.2 

128.0 


24.6 


2.4 


0.32 


11.8 

118.0 


32.0 


3.2 


3.8 


5.6 


1.0 


0.14 


3.8 

64.0 


7.6 


1.6 


10.': 


Parent  Material:. 
Soil  Series: - 


Drainage : _ 


Soil  Classification: 


Ground  Water : . 
Land  Form: _ 


Profile  Description  By:. 


LABORATORY  DESCRIPTION 


DETERMINATION 


Laboratory  Number 

Sock  Number 
DEPTH 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 
MOISTURE  RETENTION 

1/10  bar 
1/3  bar 
15  bar 

SOIL  REACTION -pH 

Paste 
1:5  H2O 

1:2  0.01  _M_CaC12 

ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  CO-^  EQUIVALENT 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 


(Ft) 
(percent) 
(2. 0-1.0  mm) 
(1.0-0. 5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 
(2.0-0.05  mm) 
(0.05-0.002  mm) 
(  0.002  mm) 

(g/cm3) 

(in/hr) 


(ml) 

(percent) 


Saturation  Percentage 
ECe@  25  C 
Ga-H- 
Mg-H- 
Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO3- 

SAR 

Na 

Ca-Wg 

1:5  EXTRACT 
F.C5<a  25°  C 

Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 

IN  KCL  exchange  acidity 
—  Total 
A1 1 1 4- 

C AT I ON  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 


DATA 


(percent) 

(ppm) 

(percent) 

(me/lOOg) 


(mmhos/ cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/lOOg) 
(me/lOOg) 

(mmhos /cm) 
(me/1) 
(percent) 


(me/lOOg) 

(me/lOOg) 

(me/lOOg) 


1,717 

11,718 

11,719 

11,720 

11,721 

02-7 

102-8 

102-9 

102-10 

102-11 

.5-159. 5 

164.3-174.9 

174.9-195.0 

195.0-217.7 

217.7-245 

21.4 

9.0 

3.3 

1.4 

47.0 

55.8 

66.2 

57.6 

50.5 

33.1 

22.8 

24.8 

39.1 

48.1 

19.9 

SiL 

SiL 

SiCL 

SiC 

L 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

O.00 

92 

162 

187 

78 

80 

32.2 

48.1 

42.1 

30.8 

32.9 

9.8 

10.0 

9.5 

9.6 

9.5 

2.7 


1.  f 


28.0 


2.7 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-103 


Study  Area:  Rattlesnake  Butte 


Relief 


Stoniness : 


Parent  Material: 


Location.  Sec. _ Twp. _ Range 


Elevation: 


Soil  Series: 


Climate : 


Slope  Aspect: _  Drainage: _  Soil  Classification: 

Vegetation: _  Ground  Water _ 


Land  Use: 


Erosion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY 

’  DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbe-** 

14,280 

14,281 

14,282 

14,283 

14,284 

14,285 

Laboratory  Number 

14,280 

14,281 

14,282 

14,283 

14,284 

14,285 

Sack  Number 

79-103-1 

79-103-2 

79-103-3 

79-103-4 

79-103-5 

79-103-6 

Sack  Number 

79-103-1 

79-103-2 

79-103-3 

79-103-4 

79-103-5 

79-103-6 

Depth 

DEPTH 

(Ft) 

0.0-17.0 

18.5-40.0 

40.0-55.0 

57.5-79.0 

90.0-105.0 

105.0-133.7 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.0 

0.8 

Coarse  Sand 

(1.0-0. 5  mm) 

0.1 

0.8 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

0.2 

4.6 

Fine  Sand 

(0.25-0.10  mm) 

30.5 

54.3 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

28.8 

18.8 

TOTAL  SAND 

(2.0-0.05  mm) 

59.6 

3.7 

42.6 

22.6 

19.1 

79.3 

BORON 

B 

1.6 

2.7 

1.9 

4.1 

8.4 

5.0 

SILT 

(0.05-0.002  mm) 

21.2 

57.9 

37.0 

35.6 

54.3 

14.7 

CLAY 

(  0.002  mm) 

19.2 

38.4 

20.4 

48.8 

26.6 

6.0 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

FSL 

SiCL 

L 

C 

SiL 

LFS 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.04 

0.00 

0.00 

0.00 

0.00 

0.31  i 

CADMIUM 

Cd 

0.14 

0.22 

0.50 

0.32 

0.28 

0.12 

24th  Hr. 

0.02 

0.00 

0.00 

0.00 

0.00 

0.43  | 

SETTLING  VOLUME 

(ml) 

26 

42 

86 

54 

38 

18 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

3.2 

18.0 

7.2 

21.0 

11.0 

5.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

100.0 

222.0 

204.0 

378.0 

104.0 

178.0 

1:5  H2O 

8.5 

8.6 

10.0 

9.7 

9.6 

9.0 

1:2  0 . 01  _M_  CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COq  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+0.5 

+8.0 

+11.4 

+13.4 

+10.0 

0.0 

MANGANESE 

Mn 

98.8 

36.0 

16.0 

38.0 

12.0 

20.0 

SATURATION  EXTRACT 

Saturation  Percentage 

52.6 

86.5 

77.2 

83.5 

53.3 

31.6 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

6.7 

8.1 

3.4 

4.4 

3.0 

3.4 

Ca++ 

(me/1) 

11.47 

8.45 

0.33 

0.38 

0.55 

3.24 

NICKEL 

Ni 

Mg++ 

(me/1) 

21.89 

10.95 

0.27 

0.27 

0.45 

2.17 

Na+ 

(me  / 1 ) 

53.13 

78.91 

36.73 

49.40 

33.48 

33.34 

PHOSPHOROUS 

P 

K+ 

(me / 1 ) 

0.54 

1.23 

0.31 

0.42 

0.27 

0.64 

CO  3- 

(me/1) 

0.00 

0.00 

0.89 

2.86 

1.04 

0.55 

LEAD 

Pb 

3.2 

5.8 

4.2 

9.4 

14.0 

3.4 

HCO3- 

(me/1) 

4.58 

5.84 

12.79 

22.28 

20.13 

10.13 

Cl- 

(me/1) 

1.72 

0.25 

0.20 

0.31 

0.25 

0.56 

STRONTIUM 

Sr 

so  4- 

(me/l) 

74.74 

84.32 

23.13 

26.13 

9.08 

34.35 

NO  3- 

(me/1) 

SELENIUM 

Se 

SAR 

(me/1) 

13.0 

25.0 

67.0 

87.0 

47.0 

25.0 

Na 

(me/lOOg) 

2.79 

6.83 

2.84 

4.12 

1.78 

1.12 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

1.73 

1.68 

0.05 

0.05 

0.05 

0.17 

1:5  EXTRACT 

ZINC 

Zn 

3.2 

8.6 

9.0 

19.0 

17.0 

5.0 

FC5(a  25UC 

(mmhos/cm) 

1.1 

1.6 

1.2 

1.2 

0.5 

0.5 

Ca+Mg 

(me/1) 

4.12 

4.89 

0.53 

0.63 

0.70 

0.38 

EXCHANGEABLE  SODIUM 

(percent) 

15.0 

25.0 

70.0 

62.0 

52.0 

13.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

14.7 

20.4 

16.2 

21.7 

16.7 

5.9 

NaOAc@pH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 

DH-79-103 


Arps'  Rattlesnake  Butte 

Stoniness : 

Parent  Material: - 

Soil  Series:  _ . _ 

Slope  Aspect: 

Drainage : 

Soil  Classification? 

Climate : 


Vegetation: 


Ground  Water: 


Land  Use : . 


Land  Form: _ 


Profile  Description  By:. 


DETERMINATION 

DATA  (mg/ 1) 

Laboratory'  Numb**-** 
Sack  Number 

Depth 

14,286 

79-103-7 

14,287 

79-103-8 

14,288 

79-103-9 

14,289 

79-103-1 

ALUMINUM 

A1 

SILVER 

Ag 

ARSENIC 

As 

BORON 

B 

5.2 

4.4 

2.0 

3.0 

BARIUM 

Ba 

BERYLLIUM 

Be 

CADMIUM 

Cd 

0.02 

0.28 

0.22 

0.20 

COBALT 

Co 

CHROMIUM 

Cr 

COPPER 

Cu 

11.0 

25.0 

16.0 

16.0 

IRON 

Fe 

120.0 

214.0 

300.0 

292.0 

MERCURY 

Hg 

LITHIUM 

Li 

MANGANESE 

Mn 

7.4 

7.2 

20.0 

22.0 

MOLYBDENUM 

Mo 

NICKEL 

Ni 

PHOSPHOROUS 

P 

LEAD 

Pb 

4.6 

11.0 

5.6 

5.6 

STRONTIUM 

Sr 

SELENIUM 

Se 

VANADIUM 

V 

ZINC 

Zn 

3.0 

11.0 

12.0 

12.0 

LABORATORY  '  DESCRIPTION 


DETERMINATION 


DATA 


Laboratory'  Number 

14,286 

14,287 

14,288 

14,289 

Sack  Number 

79-103-7 

79-103-8 

79-103-9 

79-103-K 

DEPTH 

(Ft) 

134.2-140.2 

140.2-154.0 

154.0-174.7 

176.7-19^ 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2. 0-1.0  Iran) 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

0.2 

Medium  Sand 

(0.5-0.25  mm) 

0.4 

Fine  Sand 

(0.25-0.10  mm) 

32.5 

Very  Fine  Sand 

(0.10-0.05  mm) 

21.0 

TOTAL  SAND 

(2.0-0.05  ran) 

11.7 

10.1 

47.0 

54.2 

SILT 

(0.05-0.002  mm) 

50.8 

49.9 

29.3 

27.6 

CLAY 

(  0.002  mm) 

37.5 

40.0 

23.7 

18.2 

TEXTURAL  CLASS  (LAB) 

SiCL 

SiCL 

L 

FSL 

BULK  DENSITY 

(g/cm3) 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

58 

168 

182 

102 

MOISTURE  RETENTION 

(percent) 

1/iO  bar 
1/3  bar 
15  bar 

SOIL  REACT I ON -pH 
Paste 
1:5  H2O 

1:2  0.01_M_CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  CO -3  EQUIVALENT 

GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
EC e@  25  C 
Ca++ 

Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO3- 

SAR 

Na 

CatMg 

1:5  EXTRACT 
FC5@  25° C 

Ca+Mg 

EXCHANGEABLE  SODIUM 
ACIDITY 

IN  KCL  exchange  acidity 
—  Total 
A1+++ 

C AT I ON  EXCHANGE  CAPACITY 

N aOAc@pH  8.2 
BORON 


9.2 

9.9 

9.9 

10.1 

(percent) 

(ppm) 

(percent) 

+9.7 

(me/lOOg) 

+9.6 

+14.0 

+9.0 

68.1 

85.8 

116.3 

79.6 

(mmhos/cm) 

2.3 

5.0 

2.5 

2.2 

(me/1) 

0.49 

0.66 

0.22 

0.27 

(me/1) 

0.27 

0.54 

0.09 

0.09 

(me/1) 

27.40 

50.55 

25.40 

24.92 

(me/ 1) 

0.24 

0.46 

0.16 

0.17 

(me/1) 

1.28 

0.00 

0.94 

0.77 

(me/1) 

18.69 

14.50 

13.58 

14.94 

(me/1) 

0.20 

0.36 

0.16 

0.18 

(me/l) 

7.54 

37.27 

10.37 

8.54 

(me/1) 

59.0 

(me/ 1) 

44.0 

66.0 

64.0 

(me/100g) 

1.87 

4.34 

2.95 

1.98 

(me/lOOg) 

0.05 

0.11 

0.04 

0.03 

(mmhos / cm) 

1.1 

1.0 

1.3 

1.1 

(me/1) 

0.38 

0.43 

0.42 

0.37 

(percent) 

45.0 

59.0 

20.0 

71.0 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

20.3 

19.5 

17.7 

12.0 

(mg/ 1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-104 


Study  Area: _ Rattlesnake  Butte _  Relief: _  Stoniness: _  Parent  Material: _ 

Location,  Sec. _ Twp. _ Range _  Elevation: _  _ _ _ _  Soil  Series:  _ 

■  . . .  ■  --  —  Slope  Aspect: -  Drainage: _  Soil  Classification: 

Climate: _  Vegetation: _  Ground  Water _ 


Land  Use: 


Eros  ion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY 

1  DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbe->- 

14,290 

14,291 

14,292 

14,293 

14,294 

14,295 

Laboratory  Number 

14,290 

14,291 

14,292 

14,293 

14,294 

14,295 

Sack  Number 

79-104-1 

79-104-2 

79-104-3 

79-104-4 

79-104-5 

79-104-6 

Sack  Number 

79-104-1 

79-104-2 

79-104-3 

79-104-4 

79-104-5 

79-104-6 

Depth 

DEPTH 

(Ft) 

0.0-33.5 

33.5-42.2 

•43.0-54.5 

54.5-66.0 

68.5-84.0 

85.3-94.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.4 

Coarse  Sand 

(1.0-0. 5  mm) 

3.7 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

23.0 

Fine  Sand 

(0.25-0.10  mm) 

33.2 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

6.9 

TOTAL  SAND 

(2.0-0.05  mm) 

67.2 

3.7 

11.4 

43.1 

19.0 

1.7 

BORON 

B 

0.3 

1.3 

1.3 

1.1 

2.7 

3.5 

SILT 

(0.05-0.002  mm) 

15.3 

60.7 

66.4 

35.7 

45.2 

61.3 

CLAY 

(  0.002  mm) 

17.5 

35.7 

22.2 

21.2 

35.8 

37.0 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

FSL 

SiCL 

SiL 

L 

SiCL 

SiCL 

BULK  DENSITY 

(g/cm^) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.08 

0.16 

0.22 

0.12 

0.24 

0.32 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

20 

27 

26 

26 

43 

56 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

12.0 

19.0 

17.0 

11.0 

24.0 

26.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

132.0 

182.0 

92.0 

124.0 

262.0 

200.0 

1:5  H2O 

8.2 

7.9 

8.4 

9.2 

9.5 

9.6 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO-}  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-0.6 

-1.1 

+1.6 

+3.6 

+8.2 

+11.2 

MANGANESE 

Mn 

16.4 

28.0 

22.0 

18.0 

50.0 

16.0 

SATURATION  EXTRACT 

Saturation  Percentage 

36.5 

59.4 

57.7 

54.6 

64.5 

91.3 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

0.80 

2.5 

2.1 

1.9 

2.7 

2.2 

Ca-H- 

(me/1) 

5.00 

10.26 

4.17 

1.04 

0.71 

0.55 

NICKEL 

Ni 

Mg++ 

(me/1) 

1.99 

10.76 

3.80 

0.81 

0.45 

0.18 

Nat 

(me/l) 

1.87 

7.80 

15.64 

18.03 

27.40 

23.10 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.23 

1.00 

0.70 

0.48 

0.49 

0.31 

CO  3- 

(me/1) 

0.00 

0.00 

0.11 

0.09 

0.57 

0.52 

LEAD 

Pb 

180.0 

12.0 

9.4 

6.4 

11.0 

13.0 

HCO  3- 

(me/1) 

5.63 

4.48 

10.90 

9.23 

13.90 

14.91 

Cl- 

(me/1) 

1.48 

0.29 

0.23 

0.19 

0.28 

0.23 

STRONTIUM 

Sr 

SO  4- 

(me/ 1) 

2.08 

26.34 

9.58 

9.79 

13.20 

6.02 

NO  3- 

(me/1) 

SELENIUM 

Se 

SAR 

(me/1) 

1.0 

2.4 

7.8 

19.0 

36.0 

38.0 

Na 

(me/lOOg) 

0.07 

0.46 

0.90 

0.98 

1.77 

2.11 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.25 

1.25 

0.46 

0.10 

0.08 

0.07 

1:5  EXTRACT 

ZINC 

Zn 

45.4 

17.0 

18.0 

11.0 

18.0 

23.0 

RC5(a  25“  C 

(mmhos/cm) 

0.2 

0.5 

0.6 

0.5 

1.2 

0.7 

Ca+Mg 

(me/1) 

1.42 

3.50 

1.38 

0.76 

0.76 

0.80 

EXCHANGEABLE  SODIUM 

(percent) 

1.9 

2.5 

7.4 

21.0 

41.0 

47.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+++ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

13.1 

18.7 

22.1 

17.0 

18.4 

22.5 

NaOAc@pH  8.2 

BORON 

(  mg  / 1 ) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-104 


Study  Area:  Rattlesnake  Butte _ 

Location.  Sec. _ Twp. _ Range 


Climate 
Land  Use: 


determination 

La  bora  ton’  Ynnho- 
Snrk  V""'hp’- 
Dopth 

14,296 

79-104-7 

14,297 
79- 104- 

ALUMINUM 

A1 

SILVER 

Ag 

ARSENIC 

As 

BORON 

B 

6.6 

5.0 

BARIUM 

Ba 

BERYLLIUM 

Be 

CADMIUM 

Cd 

0.20 

0.44 

COBALT 

Co 

CHROMIUM 

Cr 

COPPER 

Cu 

12.0 

16.0 

IRON 

Fe 

116.0 

170.0 

MERCURY 

Hg 

LITHIUM 

Li 

MANGANESE 

Mn 

16.0 

32.0 

MOLYBDENUM 

Mo 

NICKEL 

Ni 

PHOSPHOROUS 

P 

LEAD 

Pb 

24.0 

14.0 

STRONTIUM 

Sr 

SELENIUM 

Se 

VANADIUM 

V 

ZINC 

Zn 

15.0 

17.0 

Relief: _ 

Elevation: _ 

Slope  Aspect: 
Vegetation: _ 


Stoniness : 


Drainage: _ 

Ground  Water: 


Parent  Material: _ 

Soil  Series:  _ 

Soil  Classification: 


Eros  ion : _ 


Land  Form: . 


Profile  Description  By: 


DATA  (mg/1) 


LABORATORY  '  DESCRIPTION 


DETERMINATION 


Laboratory  Number 
Sack  Number 
DEPTH 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 
Coarse  Sand 
Medium  .Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 
6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 
MOISTURE  RETENTION 

1/10  bar 

1/3  bar 
15  bar 

SOIL  REACT I ON -pH 

Paste 


(Ft) 
(percent ) 
(2. 0-1.0  mm) 
(1. 0-0.5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 
(2.0-0.05  mm) 
(0.05-0.002  mm) 
(  0.002  mm) 

(g/cm3) 

(in/hr) 


(ml) 

(percent) 


14,296 

79-104-7 

103.0-111.1 


2.7 

47.3 

50.0 

SiL 


0.02 

0.00 

70 


14,297 

79-104-8 

113.3-120.0 


10.5 

66.2 

23.3 

SiL 


0.24 

0.18 

90 


1:5  H2O 

9.1 

9.5 

1:2  0.01_M_CaCl2 

ORGANIC  CARBON 

AVAILABLE  PHOSPHORUS 

Ca  CO^  EQUIVALENT 

GYPSUM  REQUIREMENT 

(percent) 

(ppm) 

(percent) 

(me/lOOg) 

+15.0 

+8.0 

SATURATION  EXTRACT 

Saturation  Percentage 

83.5 

66.2 

ECe<?  25  C 

(mmhos/ cm) 

4.3 

2.9 

Oa-H- 

(  me  / 1 ) 

0.88 

0.55 

Mg++ 

(me/1) 

0.45 

0.18 

Na+ 

(me/ 1) 

46.34 

29.80 

K+ 

(me/1) 

0.53 

0.29 

CO  3- 

(me/1) 

0.00 

0.00 

HCO3- 

(me/1) 

24.16 

13.01 

Cl- 

(me/ 1) 

0.27 

0.28 

SO  4- 

(me/1) 

24.65 

15.68 

NO3- 

SAR 

(me/1) 

(me/1) 

57.0 

49.0 

Na 

(me/lOOg) 

3.87 

1.97 

Ca-tMg 

(me/lOOg) 

0.11 

0.05 

1:5  EXTRACT 

FC53  25“C 

(mmhos /cm) 

0.8 

0.5 

Ca+Mg 

(me/1) 

0.91 

0.70 

EXCHANGEABLE  SODIUM 

(percent^) 

25.0 

35.0 

IN  KCL  exchange  acidity 

Total 

A1+-H- 

C AT ION  EXCHANGE  CAPACITY 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

45.0 

21.1 

NaOAc@pH  8.2 

BORON 

(mg/l) 

Date : 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-105 


Studv  Area:  Rattlesnake  Butte 

Relief : 

Stoniness : 

Location.  Sec.  Twp. 

Range 

E levation : 

Soil  Series: 

Slope  Aspect: 


Drainage : 


Soil  Classification: 


Climate: 


Vegetation: 


Ground  Water: 


Land  Use: 


Eros  ion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY  '  DESCRIPTION 

DETERMINATION 

DATA  fmK/1) 

DETERMINATION 

DATA 

Laboratory  Numbe-** 

14,298 

14,299 

14,300 

14,301 

14,302 

14,303 

Laboratory'  Number 

14,298 

14,299 

14,300 

14,301 

14,302 

14,303 

Sack  Number 

79-105-1 

79-105-2 

79-105-3 

79-105-4 

79-105-5 

79-105-6 

Sark  Number 

79-105-1 

79-105-2 

79-105-3 

79-105-4 

79-105-5 

79-105-6 

Depth 

DEPTH 

(Ft) 

0.0-20. 5 

20. 5-29. 5 

30.7-39.7 

49.2-57.1 

58.1-65.1 

67.8-77.0 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

6.3 

10.0 

0.9 

15.1 

20.0 

7.  6 

BORON 

B 

0.9 

1.9 

2.1 

3.3 

2.8 

1.9 

SILT 

(0.05-0.002  mm) 

62.9 

56.  5 

67.2 

61.7 

43.6 

64.8 

CLAY 

(  0.002  mm) 

30.8 

33.  5 

31.9 

23.2 

36.4 

27.6 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiCL 

SiCL 

SiCL 

SiL 

SiCL 

SiCL 

BULK  DENSITY 

(g/ cm  j 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.16 

1.26 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.28 

0.28 

0.26 

0.28 

0.32 

0.26 

24th  Hr. 

0.12 

1.26 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

54 

132 

54 

46 

76 

68 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

7.0 

18.0 

21.0 

14.0 

19.0 

21.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

92.0 

288.0 

116.0 

404.0 

206.0 

1:5  H2O 

9.0 

9.5 

9.4 

9.1 

9.7 

10.  0 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO-*  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+2.0 

+9.0 

+7.2 

+  5.0 

+9.2 

+11.  5 

MANGANESE 

Mn 

11.0 

20.4 

13.0 

4.4 

60.0 

12.0 

SATURATION  EXTRACT 

Saturation  Percentage 

82.0 

114.  5 

81.3 

67.1 

102.3 

83.6 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

7.5 

3.3 

2.9 

4.0 

2.1 

2.8 

Ca-H- 

(me/1) 

15.09 

0.61 

0.66 

0.82 

0.60 

0.38 

NICKEL 

Ni 

Mg++ 

(me/1) 

15.92 

0.90 

0.63 

1.0 

0.27 

0.36 

Na+ 

(me/1) 

62.60 

32.28 

28.17 

39.89 

22.19 

31.04 

PHOSPHOROUS 

P 

K+ 

(me/l) 

0.74 

0.37 

0.48 

0.48 

n.21 

0.34 

CO  3- 

(me/1) 

0.00 

0.00 

0.00 

0.11 

0.95 

0.87 

LEAD 

Pb 

16.0 

7.0 

11.0 

6.6 

7.0 

11.0 

HCO3- 

(me/1) 

3.36 

7.76 

8.11 

9.24 

13.81 

15.39 

Cl- 

(me/l) 

0.21 

0.19 

0.20 

0.31 

0. 17 

0.  24 

STRONTIUM 

Sr 

SO4- 

(me/1) 

89.  53 

28.73 

20.40 

3  5.81 

7.22 

13.66 

NO  3- 

(me/l) 

SELENIUM 

Se 

SAR 

(me/l) 

16.0 

37.0 

35.0 

42.0 

34.0 

51.0 

Na 

(me/lOOg) 

5.13 

3.70 

2.29 

2.67 

2.27 

2.  59 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.23 

0.17 

0.10 

0.13 

0.09 

0.06 

1:5  EXTRACT 

ZINC 

Zn 

6.0 

12.0 

7.2 

23.0 

14.0 

9.2 

F.C53  25“  c 

(mmhos/cm) 

2.0 

1.0 

1.0 

0.6 

0.8 

0.7 

Ca+Mg 

(me/l) 

2.83 

2.02 

0.90 

0.47 

0.  63 

0.7  5 

EXCHANGEABLE  SODIUM 

(percent) 

9.8 

36.0 

37.0 

35.0 

52.0 

63.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.1 

19.8 

17.7 

12.9 

19.1 

18.3 

NaOAc@pH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont. ) 

DH-79-105 


Study  Area:  Rattlesnake  Butte 

Relief : 

Location.  Sec.  _ 

Twp . 

Range 

Elevation : 

.  Slope  Aspect: 

Climate : 

Vegetation: 

Land  Use: 

Eros  ion : 

Land  Form: 

Parent  Material: _ 

Soil  Series:  _ 

Soil  Classification: 


Profile  Description  By:. _ .Date: 


determination 

Laboratory  Number 

14,304 

14,305 

14,306 

DATA (mg/1) 
14,307 

14,308 

14,309 

DETERMINATION 

La  bora  ton'  Number 

LABORATORY 

14,304 

1  DESCRIPTION 

14,305 

14,306 

DATA 

14,307 

14,308 

] 4,309 

Sack  Number 

Depth 

79-105-7 

79-105-8 

79-105-9 

79-105-10 

79-105-11 

79-105-12 

Sark  Number 

79-105-7 

79-105-8 

79 

-105-9 

79-105-10 

79-105-11 

79-105-12 

DEPTH 

(.Ft) 

77.0-95.0 

95.0-115.0, 

115.0-13  5. 

0  135.0-144. 

6  144.9-159 

4  159.4-172.0 

ALUMINUM 

A1 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 

(percent) 
(2. 0-1.0  mm) 

0.6 

0.2 

0.  5 

SILVER 

Ag 

Coarse  Sand 

Medium  Sand 

(1.0-0. 5  mm) 
(0.5-0.25  mm) 

4.2 

3.1 

0.8 

3.  5 

1.5 

11.6 

ARSENIC 

As 

Fine  Sand 

Very  Fine  Sand 

(0.25-0.10  ram) 
(0.10-0.05  mm) 

37.9 

25.2 

54.  5 

21.1 

60.6 

7.4 

BORON 

B 

1.3 

0.9 

i.i 

1.3 

1.7 

2.0 

TOTAL  SAND 

SILT 

(2.0-0.05  mm) 
(0.05-0.002  mm) 

38.6 

43.8 

71.0 

17.0 

80.1 

4.1 

81.6 

8.7 

23.0 

46.6 

17.7 

49.2 

BARIUM 

Ba 

CLAY 

(  0 . 002  mm) 

17.6 

12.0 

15.8 

9.7 

30.4 

33.1 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 

(g/cm3) 

(in/hr) 

L 

FSL 

FSL 

LFS 

CL 

Si  CL 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

CADMIUM 

Cd 

0.10 

0.06 

0.08 

0.10 

0.28 

0.22 

6th  Hr. 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.  on 

COBALT 

Co 

SETTLING  VOLUME 

MOISTURE  RETENTION 

(ml) 

(percent) 

83 

78 

93 

53 

56 

88  i 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

COPPER 

Cu 

7.4 

4.0 

4.4 

4.4 

23.0 

20.0 

SOIL  REACTION -pH 

IRON 

Fe 

Hg 

148.0 

224.0 

264.0 

264.0 

294.0 

336.0 

Paste 

1:5  HjO 

1:2  0.01  M  CaCl2 

10.1 

10.2 

10.0 

10.1 

9.9 

9.9 

MERCURY 

ORGANIC  CARBON 

AVAILABLE  PHOSPHORUS 

(percent) 

(ppm) 

(percent) 

LITHIUM 

Li 

Ca  CO!  EQUIVALENT 

MANGANESE 

Mn 

8.0 

8.0 

10.0 

10.0 

14.0 

24.0 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 

(me/lOOg) 

+9.0 

+7.4 

+7.1 

+6.9 

+14.3 

+11.8  j 

MOLYBDENUM 

Mo 

Saturation  Percentage 

ECe@  25  C 

(mmhos/cm) 

91.9 

2.0 

70.2 

2.1 

66.7 

2.5 

49.7 

3.0 

93.1 

2.8 

11O.0  ! 

2.0 

NICKEL 

Ni 

Ca-H- 

(rae/l) 

0.16 

0.27 

0.16 

0.22 

0.22 

0.16 

Mg++ 

(me/1) 

0.09 

0.09 

0.09 

0.18 

0.18 

0.09 

PHOSPHOROUS 

P 

Na+ 

K+ 

(me/1) 

(rae/l) 

20.90 

0.19 

21.19 

0.18 

25.97 

0.20 

30.80 

0.83 

29.37 

0.28 

20. 57 

0.20 

LEAD 

Pb 

5.8 

4.8 

4.6 

5.6 

10.0 

9.8 

CO  3- 
HCO3- 

(me/1) 

(me/1) 

0.53 

12.43 

0.16 

10.99 

0.19 

10.15 

1.39 

11.57 

0.15 

13.93 

0.33 

11.94 

STRONTIUM 

Sr 

Cl- 

SO4- 

(me/1) 

(me/1) 

0.14 

7.22 

0.19 

8.85 

0.34 

14.  57 

0.36 

16.45 

0.29 

13.64 

0.13 

7.29 

SELENIUM 

Se 

NO  3- 
SAR 

(  me  / 1 ) 

.  (rae/l) 

50.0 

72.0 

68.0 

65.0 

57.0 

69.0 

VANADIUM 

Na 

(me/100g) 

1.92 

1.49 

1.73 

1.  51 

2.23 

2.  26 

Ca+Mg 

(me/lOOg) 

0.02 

0.03 

0.02 

0.02 

0.04 

0.03 

1:5  EXTRACT 

ZINC 

Zn 

7.6 

7.6 

6.8 

6.8 

15.0 

15.0 

F.C53  25“  C 

(mmhos/cm) 

0.7 

0.7 

0.6 

0.6 

0.8 

0.8 

Ca+Mg 

(me/l) 

0.86 

0.96 

9.  92 

0.  50 

0.  62 

0.91  i 

EXCHANGEABLE  SODIUM 

(percent) 

69.0 

67.0 

70.0 

69.0 

59.0 

57.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

13.8 

9.  5 

9.6 

9 . 0 

18.6 

19.0 

NaOAc@pH  8.2 

BORON 

(  mg  / 1 )  | 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-105 


Study  Area: 

Relief : 

Stoniness : 

Location-  Sec.  ___ 

Twp. 

Range 

Elevation: 

Slope  Aspect: 

Climate : 

Vegetation: 

Ground  Water: 

Land  Use: 


Erosion: 


Land  Form: 


Profile  Description  By: 


.Date : 


laboratory  1 

DESCRIPTION 

DETERMINATION 

DATA  Og/1) 

DETERMINATION 

DATA 

Laboratory  Numbe-*- 

14,310 

14,311 

14,312  14,313 

Laboratory  Number 

14,310 

14,311 

14,312 

14,313 

Sack  Number 

79-105-13 

79-10  5-14 

79-105-15  79-105-16 

Sack  Number 

79-105-13 

79-. 05-14 

79-105-15 

79-105-16 

Depth 

DEPTH 

(Ft) 

172.4-180. 5 

180. 5-192. 5 

195. 5-223.0 

223.0-244.  5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

40.8 

18.9 

0.8 

15.  5 

BORON 

B 

1.6 

1.9 

2.2  1.7 

SILT 

(0.05-0.002  mm) 

22.4 

46.8 

55.4 

58.7 

CLAY 

(  0.002  mm) 

37.0 

34. 3 

43.8 

25.8 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

CL 

SiCL 

SiC 

SiL 

BULK  DENSITY 

(e/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(In/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.24 

0.22 

0.22  0.12 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

80 

262 

328 

220 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

22.0 

20.0 

24.0  15.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

168.0 

310.0 

384.0  158.0 

1:5  H2O 

9.8 

9.9 

9.9 

10.1 

1:2  0.01_M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+17.1 

+14.4 

+13.1 

+14.6 

MANGANESE 

Mn 

6.2 

18.0 

38.0  8.0 

SATURATION  EXTRACT 

Saturation  Percentage 

87.6 

158.9 

161.5 

149.7 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

3.  5 

1.8 

1.7 

1.3 

Ca-H- 

( me  / 1 ) 

0.27 

0.16 

0.16 

0.11 

NICKEL 

Ni 

Mg++ 

(me/1) 

0.27 

0.09 

0.09 

0.09 

Na-t 

(me/1) 

35.92 

18.65 

17.27 

13.  53 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.26 

0.19 

0.21 

0.12 

CO  3- 

(me/l) 

0.00 

0.27 

0.34 

0.19 

LEAD 

Pb 

16.0 

9.0 

10.0  9.4 

HCO  3- 

(me/1) 

12.52 

10.84 

12.78 

10.  59 

Cl- 

(me/1) 

0.28 

0.20 

0.10 

0.11 

STRONTIUM 

Sr 

SO  4- 

(me/l) 

19.57 

7.45 

3.96 

3.12 

NO  3- 

(me/1) 

SELENIUM 

Se 

SAR 

(me/l) 

69.0 

52.0 

48.0 

43.0 

Na 

(me/lOOg) 

3.15 

2.96 

2.76 

2.03 

VANADIUM 

V 

Ca-tMg 

(me/lOOg) 

0.04 

0.04 

9. 04 

0.03 

1:5  EXTRACT 

ZINC 

Zn 

11.0 

14.0 

17.0  9.0 

F.c5(a  25UC 

(mmhos / cm) 

1.0 

0.9 

0.8 

0.8 

Ca+Mg 

(me/l) 

0.81 

1.88 

1.73 

1.53 

EXCHANGEABLE  SODIUM 

(percent) 

60.0 

57.0 

69.0 

64.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A 1+4+ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

22.7 

21.9 

24.0 

21.0 

NaOAc@pH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-106 


RfrnHy  Arps-  Rattlesnake  Butte 

Stoniness : 

Parent  Mat-prial* 

Soil  Series : 

Slope  Aspect: 

Drainage : 

Soil  Class  i  f  i  cut  i  on  :  .  .. 

Climate : 


Vegetation: 


Ground  Water: 


Land  Form: . 


Profile  Description  By:. 


DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

Laboratory  Numbe-** 

14,314 

14,315 

14,316 

14,317 

14,318 

14,319 

Laboratory  Number 

Sack  Number 

79-106-1 

79-106-2 

79-106-3 

79-106-4 

79-106-5 

79-106-6 

Sack  Number 

Depth 

DEPTH 

(Ft  ) 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

BORON 

B 

1.6 

0.6 

1.9 

1.9 

1.9 

2.4 

SILT 

(0.05-0.002  mm) 

CLAY 

(  0.002  mm) 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 

(g/cmJ) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

CADMIUM 

Cd 

0.16 

0.12 

0.24 

0.22 

0.32 

0.24 

24th  Hr. 

SETTLING  VOLUME 

(ml) 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

6.0 

6.4 

22.0 

23.0 

25.0 

28.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

138.0 

120.0 

326.0  . 

304.0 

248.0 

206.0. 

1:5  H2O 

1:2  0.01  M  CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

MANGANESE 

Mn 

11.0 

15.0 

52.0 

28.0 

18.0 

8.0 

SATURATION  EXTRACT 

Saturation  Percentage 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

Ca++ 

(me/1) 

NICKEL 

Ni 

Mg++ 

(me/1) 

Nat 

(me/1) 

PHOSPHOROUS 

P 

K+ 

(me/l) 

CO  3- 

(me/1) 

LEAD 

Pb 

9.0 

4.8 

11.0 

8.8 

9.4 

11.0 

HCO3- 

(me/1) 

Cl- 

(me/1) 

STRONTIUM 

Sr 

SO4- 

(me  / 1 ) 

NO  3- 

(me/1) 

SELENIUM 

Se 

SAR 

(me/1) 

Na 

(me/lOOg) 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

1:5  EXTRACT 

ZINC 

Zn 

4.4 

1.8 

18.0 

15.0 

14.0 

12.0 

F.C5@  25° C 

(mmhos / cm) 

LABORATORY  DESCRIPTION 


DATA 


EXCHANGEABLE  SODIUM 
ACIDITY 

IN  KCL  exchange  acidity 
Total 
A1+++ 

C AT I ON  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


14,314  14,415  14,316  14,317  14,318 

79-106-1  79-106-2  79-106-3  79-106-4  79-106-5 

0.0-22.0  23.  5-44.5  44.  5-63.0  63. 0-80. 0  8  0.0-96.5 


(percent) 


(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

(mg/1) 


8.0 


23.1 


26.  5 


9.5 


9.  Q 


9.8 


20.1 


22,9 


22.  2 


14,319 

79-106-6 

108.2-118.0 


11.8 

1.0 

1.0 

15.9 

9.9 

4.9 

48.8 

61.7 

55,0 

51.2 

58.0 

48.0 

39.4 

37.3 

44.0 

32.9 

32.1 

47.1 

SiCL 

SiCL 

SiC 

SiCL 

SiCL 

SiC 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

29 

50 

86 

135 

180 

96 

9.7 


-8.8 

+2.2 

+7.6 

+11.9 

+12.5 

+12.0 

65.3 

85.6 

116.9 

128.3 

129.3 

102.8 

8.3 

6.4 

3.  5 

2.0 

1.7 

2.3 

21.85 

7.03 

0.77 

0.22 

0.22 

0.27 

48.76 

12.21 

1.00 

0.18 

0.18 

0.18 

41.03 

45.77 

33.81 

19.99 

17.41 

22.81 

0.82 

1.11 

0.62 

0.24 

0.20 

0.24 

0.00 

0.00 

0.00 

0.00 

0.13 

0.14 

3.03 

2.54 

9.09 

12.24 

12.73 

11.09 

0.29 

0.22 

0.32 

0.19 

0.16 

0.29 

57.0 

57.88 

28.73 

7.62 

3.8  5 

9.99 

6.9 

15.0 

36.0 

45.0 

39.0 

48.0 

2.68 

3.92 

3.95 

2.  56 

2.25 

2.34 

4.61 

1.65 

0.21 

0.05 

0.05 

0.0  5 

3.  6 

1.6 

1.0 

0.8 

0.8 

0.8 

20.7  5 

1.67 

0.83 

1.14 

2.01 

0.8  5 

7.2 

9.  5 

31.0 

44.0 

46.0 

48.0 

19.  6 


O 
—♦» 

IV) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 

BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont. ) 
DH-79-106 


Study  Area:  Rattlesnake  Butte 
Location.  Sec. _ Twp. _ 


Relief : 


Stoniness 


.  Range  _ 


Elevation: . 


Parent  Material:. 
Soil  Series:  _ 


Climate : _ 


Land  Use: 


Slope  Aspect:. 

Vegetation: _ 

Eros  ion : _ _ 


Drainage : _ 


Soil  Classification:. 


Ground  Water:. 
Land  Form: _ 


Profile  Description  By: . 


DETERMINATION 


Laboratory  Numbo-** 
Sack  Number 
Depth 

ALUMINUM 

SILVER 

ARSENIC 

BORON 

BARIUM 

BERYLLIUM 

CADMIUM 

COBALT 

CHROMIUM 

COPPER 

IRON 

MERCURY 

LITHIUM 

MANGANESE 

MOLYBDENUM 

NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


A1 

Ag 

As 

B 

Ba 

Be 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Li 

Mn 

Mo 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


14,320  14,321  14,322  14,323  14,324 

79-106-7  79-106-8  79-106-9  79-106-10  79-106-11 


DETERMINATION 


2.4 


0.22 


1.9 


1.1 


0.02 


0.9 


0.02 


19.0 

382.0 


32.0 


9.2 

136.0 


9.0 


1.8 

132.0 


5.2 


1.4 

122.0 


4.2 


2.8 


0.24 


14.0 

198.0 


11.0 


9.8 


7.0 


4.6 


4.6 


15.0 


6.0 


2.2 


1.6 


Laboratory  Number 
Sack  Number 
DEPTH 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 
MOISTURE  RETENTION 

i/10  bar 

1/3  bar 
15  bar 

SOIL  REACTION -pH 

Paste 
1:5  H2O 

1:2  0.01  M_CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  CO^  EQUIVALENT 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 
Saturation  Percentage 
ECe@  25  C 
Ca-H- 
Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO  3- 

SAR 

Na 

Ca-tMg 

1:5  EXTRACT 
F.C53  25“ C 

Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 


14,320 

14,321 

14,322 

14,323 

14,324 

79-106-7 

79-106-8 

79-106-9 

79-106-10 

79-106-] 

(Ft) 
(percent) 
(2. 0-1.0  mm) 
(1.0-0. 5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 

118.0-129.5 

129.7-140.7 

149.6-169 

0.1 

0.2 

0.  5 

55.1 

23.  5 

.0  169.0-198.7 

0.7 

0.4 

0.3 

54.4 

22.  9 

1-0 

0 

OO 

1" 

(2.0-0.05  mm) 

10.  5 

17.9 

79.4 

78.7 

6.  6 

(0.05-0.002  mm) 

58.2 

62.7 

10.7 

16.1 

66.  2 

(  0.002  mm) 

31.3 

19.4 

9.9 

5.2 

27.2 

(g/cm3) 

(in/hr) 

SiCL 

SiL 

FSL 

LFS 

SiCL 

0.00 

0.00 

0.01 

0. 02 

0.00 

0.00 

0.00 

0.01 

0.02 

0.00 

(ml) 

(percent) 

78 

112 

24 

26 

55 

IN  KCL  exchange  acidity 
Total 
A1++-+ 

C AT I ON  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


(percent) 

(ppm) 

(percent) 

(me/lOOg) 


(mmhos./ cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
.  (me/1) 

(me/lOOg) 
(me/lOOg) 

(mmhos/cm) 

(me/1) 

(percent) 


(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

(mg/1) 


9.9 

10.1 

10.0 

10.1 

9.  5 

+8.4 

+6.2 

+2.8 

+0.8 

+8.0 

101.9 

74.7 

33.3 

31.9 

75.5 

1.9 

1.7 

2.4 

2.7 

2.9 

0.22 

0.27 

Oj  55 

0.  55 

0.33 

0.18 

0.18 

0.27 

0.27 

0.36 

19.32 

17.17 

24.01 

27.12 

30.13 

0.22 

0.18 

0.29 

0.72 

0.33 

0.32 

0.00 

0.00 

0.00 

0.72 

12.94 

9.71 

9.73 

9.64 

12.96 

0.21 

0.19 

0.32 

0.32 

0.30 

5.16 

6.60 

13.01 

16.24 

14.62 

43.0 

36.0 

37.0 

42.0 

51.0 

1.97 

1.28 

0.80 

0.87 

2.27 

0.04 

0.03 

0.03 

0.03 

0.05 

0.6 

0.5 

0.4 

0.4 

0.  5 

0.87 

0.68 

0.29 

0.  59 

1.16 

44.0 

45.0 

52.0, 

47.0 

15.2 

12.0 

4.0 

3.9 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH- 79- 107 


Study  Arps  ;  Rattlesnake  Butte _  Relief: _ 

Location.  Sec. _ Twp  . _ Range _  Elevation: _ 

_  Slope  Aspect: 


Stoniness : 


Drainage : 


Parent  Material: _ 

Soil  Series:  _ 

Soil  Classification: 


Climate : 


Vegetation: 


Ground  Water: 


Erosion: _ _ _  Land  Form: _ _  Profile  Description  By: 


LABORATORY 

'  DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbe-*- 

14,325 

14,326 

14,327 

14,328 

14,329 

14,330 

La  bora  tor}'  Number 

14,325 

14,326 

14,327 

14,328 

14,329 

14,330 

Sack  Number 

79-107-1 

79-107-2 

79-107-3 

79-107-4 

79-107-5 

79-107-6 

Sark  Number 

79-107-1 

79-107-2 

79-107-3 

79-107-4 

79-107-5 

79-107-6 

Depth 

DEPTH 

(Ft  ) 

0.0-19.2 

L9. 7-40.0 

40.0-52.8 

52.8-65.8 

65.8-80.0 

80.0-96.2 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.4 

Coarse  Sand 

(1.0-0. 5  mm) 

0.9 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

11.7 

Fine  Sand 

(0.25-0.10  mm) 

47.4 

ARSENIC 

Very  Fine  Sand 

(0.10-0.05  mm) 

11.1 

21.2 

21.2 

27.2 

1.1 

14.6 

TOTAL  SAND 

(2.0-0.05  mm) 

71.5 

16.7 

56.2 

50.7 

62.3 

60.4 

BORON 

B 

0.5 

0.9 

1.3 

2.0 

2.2 

2.0 

SILT 

(0.05-0.002  mm) 

14.3 

62.1 

22.6 

22.1 

36.6 

25.0 

CLAY 

(  0.002  mm) 

14.2 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

FSL 

C 

SiL 

SiL 

SiCL 

SiL 

BULK  DENSITY 

(g/ cm  j 

BERYLLIUM 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.63 

0.08 

0.06 

0.02 

0.00 

0.00 

CADMIUM 

Cd 

0.06 

0.14 

0.14 

0.16 

0.10 

0.12 

24th  Hr. 

0.59 

0.08 

0.06 

0.01 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

21 

27 

21 

26 

45 

50 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

13.0 

16.0 

18.0 

19.0 

16.0 

13.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

94.0 

206.0 

166.0 

222.0 

306.0 

122.0 

1:5  H2O 

8.6 

8.2 

8.5 

9.0 

9.6 

9.9 

1:2  0.01  M  CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COt  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-0.4 

-0.9 

+1.7 

+3.4 

+6.4 

+13.5 

MANGANESE 

14.8 

48.0 

24.0 

28.0 

54.0 

8.0 

SATURATION  EXTRACT 

Saturation  Percentage 

38.8 

56.2 

58.7 

59.0 

78.0 

72.0 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

1.0 

4.2 

4.1 

4.1 

2.9 

2.6 

Ga-H- 

(me/1) 

3.84 

17.24 

8.89 

5.27 

0.49 

0.27 

NICKEL 

Ni 

Mg++ 

(me/1) 

3.35 

20.17 

9.23 

4.98 

0.45 

0.18 

Na+ 

(me / 1 ) 

2.87 

17.84 

28.50 

35.30 

28.41 

27.17 

PHOSPHOROUS 

P 

K+ 

(me/l) 

0.23 

1.40 

1.42 

1.15 

0.57 

0.31 

CO  3- 

(me/1) 

0.00 

0.00 

0.03 

0.27 

0.15 

0.52 

LEAD 

Pb  • 

210.0 

7.6 

7.2 

7.6 

10.0 

7.4 

HCO3- 

(me/1) 

5.53 

6.33 

7.91 

9.59 

10.12 

14.33 

Cl- 

(me/l) 

0.56 

0.37 

0.32 

0.39 

0.26 

0.20 

STRONTIUM 

Sr 

SO4- 

(me/1) 

3.60 

46.85 

37.06 

31.23 

15.72 

9.47 

NO  3- 

(me/l) 

SELENIUM 

Se 

SAR 

(me/l) 

1.5 

4.1 

9.5 

16.0 

41.0 

57.0 

Na 

(me/100g) 

0.11 

1.00 

1.67 

2.08 

2.22 

1.96 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.28 

2.10 

1.06 

0.60 

0.08 

0.03 

1:5  EXTRACT 

ZINC 

Zn 

36.2 

9.8 

8.0 

10.0 

11.0 

8.8 

F.C53  25“  C 

(mmhos/cm) 

0.2 

0.7 

0.7 

0.7 

0.7 

0.8 

Ca+Mg 

(me/l) 

1.43 

4.47 

1.67 

0.87 

0.53 

1.23 

EXCHANGEABLE  SODIUM 

(percent) 

16.0 

13.0 

17.0 

14.0 

37.0 

56.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

Al-H-f 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

11.8 

18.6 

18.9 

18.7 

14.9 

19.  3 

NaOAc@pH  8.2 

BORON 

(mg/  1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-107 


S tudv  Area:  Rattlesnake  Butte 

Relief : 

Location.  Sec.  Twp . 

.  Range 

Elevation: 

Stoniness : 


Parent  Material: 
Soil  Series:  _ 


Climate : 


Land  Use : . 


Slope  Aspect:, 

Vegetation: _ 

Erosion: _ 


Drainage : _ 


Soil  Classification:. 


DETERMINATION 


Laboratory  Numbr»* 

Snck  Number 
Dopth 

ALUMINUM  A1 

SILVER  Ag 

ARSENIC  As 

BORON  B 

BARIUM  Ba 

BERYLLIUM  Be 

CADMIUM  Cd 

COBALT  Co 

CHROMIUM  Cr 

COPPER  Cu 

IRON  Fe 

MERCURY  Hg 

LITHIUM  Li 

MANGANESE  Mn 

MOLYBDENUM  Mo 

NICKEL  Ni 

PHOSPHOROUS  P 

LEAD  Pb 

STRONTIUM  Sr 

SELENIUM  Se 

VANADIUM  V 

ZINC  Zn 


DATA  (mg/1) 


14,331 

79-107-7 


14,332 

79-107-8 


14,333 

79-107-9 


14,334  14,335 

79-107-10  79-107-11 


14,336 

79-107-12 


3.5 


0.24 


26.0 

340.0 


40.0 


3.3 


0.24 


3.1 


0.26 


4.5 


0.18 


3.9 


0.48 


1.4 


0.06 


25.0 

350.0 


25.2 


27.0 

352.0 


46.0 


20.0 

372.0 


30.2 


35.0 

156.0 


14.0 


7.6 

112.0 


6.2 


11.0 


11.0 


13.0 


10.0 


15.0 


6.2 


17.0 


17.0 


16.0 


17.0 


27.0 


5.2 


Ground  Water: 
Land  Form : _ 


Profile  Description  By:. 


DETERMINATION 


LABORATORY  DESCRIPTION 


Laboratory  Number 
Sack  Number 


DEPTH 

(Ft) 

97.8-120.0 

120.0-138.7 

149.3-166.5 

166.5-181 

1  183.5-187 

2  194.7-2 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0 . 6 

Coarse  Sand 

(1.0-0. 5  mm) 

8.0 

Medium  Sand 

(0.5-0.25  mm) 

59.3 

Fine  Sand 

(0.25-0.10  mm) 

9.8 

Very  Fine  Sand 

(0.10-0.05  mm) 

16.4 

14.8 

11.7 

13.8 

77.7 

7.2 

TOTAL  SAND 

(2.0-0.05  mm) 

48.9 

52.2 

51.5 

15.8 

6.9 

58.3 

SILT 

(0.05-0.002  mm) 

34.7 

33.0 

36.8 

70.4 

15.4 

34.5 

CLAY 

(  0.002  mm) 

TEXTURAL  CLASS  (LAB) 

SiCL 

SiCL 

SiCL 

C 

FSL 

BULK  DENSITY 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

76 

88 

70 

80 

50 

31 

MOISTURE  RETENTION 

(percent) 

1/3  bar 
15  bar 

SOIL  REACTION -pH 

Paste 
1:5  H2O 

1:2  0.01  Jl_CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  CO-^  EQUIVALENT 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 
Saturation  Percentage 
EC e@  25  C 
Ca-H- 
Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO3- 

SAR 

Na 

CatMg 

1:5  EXTRACT 
F.C50  25° C 

Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 


IN  KCL  exchange  acidity 
Total 
A 1+++ 

CATION  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


DATA 


14,331 

79-107-7 


14,332 

79-107-8 


14,333 

79-107-9 


14,334 

79-107-10 


14,335 

79-107-11 


14,336 

79-107-12 


9.8 

9.8 

9.6 

9.9 

9.4 

10.2 

(percent) 

(ppm) 

(percent) 

(me/lOOg) 

+14.2 

+15.1 

+13.3 

+12.1 

+19.2 

+7.9 

101.2 

107.5 

88.0 

102.2 

73.3 

39.0 

(mmhos/cm) 

2.6 

2.6 

3.1 

2.4 

5.2 

2.9 

( me  / 1 ) 

0.27 

0.22 

0.38 

0.27 

0.55 

0.55 

(me/1) 

0.18 

0.09 

0.18 

0.09 

0.63 

0.27 

(me/1) 

28.27 

28.31 

32.81 

25.40 

57.87 

32.62 

(me/1) 

0.30 

0.26 

0.30 

0.22 

0.45 

0.12 

(me/1) 

1.08 

0.19 

0.63 

0.91 

1.55 

0.66 

(me/1) 

19.31 

20.60 

17.24 

16.84 

33.73 

18.46 

(me/l) 

0.16 

0.16 

0.28 

0.18 

0.21 

0.29 

(me/1) 

6.25 

5.68 

10.97 

5.87 

18.57 

10.83 

(me/1) 

(me/1) 

60.0 

70.0 

62.0 

60.0 

75.0 

51.0 

(me/100g) 

2.85 

3.04 

2.89 

2.60 

4.24 

1.27 

(me/lOOg) 

0.05 

0.03 

0.05 

0.04 

0.09 

0.03 

(mmhos/cm) 

0.9 

0.9 

0.9 

0.9 

1.2 

0.5 

(me/1) 

0.25 

0.57 

0.61 

0.52 

0.83 

0.32 

(percent) 

60.0 

61.0 

58.0 

63.0 

77.0 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

22.8 

22.8 

19.7 

17.5 

17.5 

(mg/ 1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-108 


Study  Area:  Rattlesnake  Butte 


Relief 


Stoniness : 


Parent  Material: 


Location.  Sec. _ Twp. _  Range 


Elevation : 


Soil  Series: 


_  Slope  Aspect: 

Soi  1 

Climate : 

Vegetation: 

Ground  Water: 

Land  Use: 

Eros  ion : 

Land  Form: 

LABORATORY 

DESCRIPTION 

|  DETERMINATION 

DATA  (mg/l) 

DETERMINATION 

DATA 

Laboratory  Nrimbo-*- 

14,337 

14,338 

14,339  14,340 

14,341 

14,342 

Laboratoiy  Number 

14,337 

14,338 

14,339 

14,340 

14,341 

14,342 

Sack  Number 

79-108-1 

79-108-2 

79-108-3  79-108-4 

79-108-5 

79-108-6 

Sack  Number 

79-108-1 

79-108-2 

79-108-3 

79-108-4 

79-108-5 

79-108-6 

Depth 

DEPTH 

(Ft) 

0.0-20.0 

21.0-36.0 

37.0-47.7 

48.9-63.7 

63.7-84.0 

84.0-103.8 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.1 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

4.5 

4.0 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

32.4 

25.3 

Fine  Sand 

(0.25-0.10  mm) 

39.2 

43.8 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

9.1 

8.9 

TOTAL  SAND 

(2.0-0.05  mm) 

7.3 

11.3 

4.4 

12.1 

85.3 

82.1 

BORON 

B 

0.9 

0.4 

2.0  1.5 

1.3 

0.9 

SILT 

(0.05-0.002  mm) 

56.5 

39.3 

64.8 

62.3 

4.8 

10.5 

CLAY 

(  0 . 002  mm) 

36.2 

49.4 

30.8 

25.6 

9.9 

7.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiCL 

C 

SiCL 

SiL 

LS 

LS 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.18 

0.12 

0.14  0.16 

0.04 

0.04 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

70 

215. 

85 

50 

48 

45 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

10.0 

5.8 

26.0  16.0 

3.4 

4.2 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

92.0 

134.0 

220.0  134.0 

200.0 

190.0 

1:5  H2O 

8.5 

9.3 

9.7 

9.9 

10.0 

10.0 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COq  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+4.3 

+14.7 

+14.2 

+14.2 

+6.5 

+4.7 

MANGANESE 

Mn 

17.0 

29.0 

30.0  7.2 

10.0 

9.0 

SATURATION  EXTRACT 

Saturation  Percentage 

93.0 

109.4 

93.8 

75.5 

51.6 

39.9 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

10.7 

2.7 

3.7 

3.2 

3.5 

3.0 

Ca-H- 

(me/1) 

20.53 

0.27 

0.27 

0.44 

0.22 

0.22 

NICKEL 

Ni 

Mg++ 

(me/1) 

20.98 

0.27 

0.27 

0.27 

0.09 

0.27 

Na+ 

(me/1) 

91.35 

26.40 

38.17 

34.87 

36.30 

31.33 

PHOSPHOROUS 

P 

K+ 

(me/l) 

11.0 

0.23 

0.39 

0.27 

0.22 

0.26 

CO  3- 

(me/1) 

0.00 

0.00 

15.12 

21.90 

16.90 

17.16 

LEAD 

Pb 

30.0 

6.2 

11.0  8.8 

3.6 

4.2 

HCO3- 

(me/1) 

2.56 

5.28 

14.90 

20.70 

16.36 

16.11 

Cl- 

(me/1) 

0.35 

0.24 

0.24 

0.30 

0.26 

0.28 

STRONTIUM 

Sr 

SO  4- 

(me/ 1) 

131.17 

18.63 

20.55 

11.24 

17.80 

13.66 

NO  3- 

(me/1) 

SELENIUM 

Se 

SAR 

(me/l) 

21.0 

51.0 

73.0 

59.0 

92.0 

63.0 

Na 

(me/100g) 

8.90 

2.89 

3.58 

2.63 

1.51 

1.25 

VANADIUM 

V 

Ca-+Mg 

(me/lOOg) 

0.35 

0.06 

0.06 

0.05 

0.05 

0.02 

1:5  EXTRACT 

ZINC 

Zn 

6.8 

2.8 

9.4  5.2 

3.8 

3.8 

EC5@  25°C 

(mmhos/cm) 

3.4 

1.4 

1.1 

0.9 

0.6 

0.5 

Ca+Mg 

(me/l) 

7.85 

1.13 

0.99 

0.56 

1.73 

0.71 

EXCHANGEABLE  SODIUM 

(percent) 

19.0 

54.0 

32.0 

69.0 

70.0 

56.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A 1-H-+ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

26.1 

25.3 

41.3 

19.6 

8.4 

9.1 

NaOAc@pH  8.2 

BORON 

(  mg  / 1 ) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 

DH-79-108 


Study  Area:  Rattlesnake  Butte _  Relief:_ _  Stonines 

Location.  Sec. _ Twp. _ Range _ _  Elevation: _ _  _ 


Parent  Material: 
Soil  Series: _ 


Climate : 


Slope  Aspect: -  Drainage: _  Soli  Classification: 

Vegetation: _  Ground  Water: _ 


Land  Use: 


Erosion: 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY 

DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory’  Number- 

14,343 

14,344 

14,345 

14,346 

14,347 

14,348 

Laboratory'  Number 

14,343 

14,344 

14,345 

14,346 

14,347 

14,348 

Sack  Number 

79-108-7 

79-108-8 

79-108-9 

79-108-10 

79-108-11 

79-108-12 

Sack  Number 

79-108-7 

79-108-8 

79-108-9 

79-108-10 

79-108-11 

79-108-12 

Depth 

DEPTH 

(Ft  ) 

114.7-130.0 

130.0-142 

0  142.0-147 

0  148.5-158 

9  158.9-170 

0  170.0-192.2 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.2 

Coarse  Sand 

(1.0-0. 5  mm) 

0.5 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

5.2 

Fine  Sand 

(0.25-0.10  mm) 

31.6 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

21.6 

TOTAL  SAND 

(2.0-0.05  mm) 

7.3 

2.8 

3.5 

3.1 

13.5 

59.1 

BORON 

B 

2.1 

2.8 

2.2 

6.7 

2.8 

4.4 

SILT 

(0.05-0.002  mm) 

65.9 

70.5 

19.8 

50.5 

57.5 

25.9 

CLAY 

(  0.002  mm) 

31.8 

26.7 

76.7 

46.4 

29.0 

15.0 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiCL 

SiL 

c 

SiL 

SiCL 

FSL 

BULK  DENSITY 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.12 

0.24 

0.24 

0.20 

0.04 

0.10 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

36.0 

55.0 

100.0 

95.0 

67.0 

48.0 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

14.0 

19.0 

27.0 

13.0 

5.0 

2.6 

SOIL  REACT I ON -pH 

Paste 

IRON 

Fe 

240.0 

292.0 

354.0 

366.0 

40.0 

88.0 

1:5  H2O 

9.7 

9.6 

9.8 

9.6 

10.1 

8.8 

1:2  0.01  M  CaCl? 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COq  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+4.7 

+9.7 

+12.8 

+14.3 

+11.3 

+6.2 

MANGANESE 

Mn 

36.0 

42.0 

55.8 

86.0 

4.0 

8.8 

SATURATION  EXTRACT 

Saturation  Percentage 

57.4 

78.6 

113.5 

94.3 

82.5 

46.6 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

2.3 

3.7 

2.3 

3.0 

2.3 

5.0 

Ca++ 

( me / 1 ) 

0.33 

0.38 

0.22 

0.27 

0.16 

0.55 

NICKEL 

Ni 

Mg-H- 

(me  / 1 ) 

0.36 

0.18 

0.09 

0.18 

0.09 

0.45 

Na+ 

(me/1) 

24.15 

37.35 

24.53 

32.14 

24.15 

48.93 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.34 

0.33 

0.23 

0.29 

0.15 

0.37 

CO  3- 

(me/1) 

14.78 

0.00 

0.00 

0.80 

0.09 

0.00 

LEAD 

Pb 

10.0 

9.2 

10.0 

9.6 

6.2 

4.0 

HCO  3- 

(me/1) 

14.75 

13.39 

15.86 

21.54 

13.58 

4.69 

Cl- 

(me/1) 

0.25 

0.56 

0.30 

0.14 

0.11 

0.47 

STRONTIUM 

Sr 

SO  4- 

(me/1) 

7.25 

21.44 

7.04 

6.87 

9.81 

46.01 

NO  3- 

(me/ 1) 

SELENIUM 

Se 

SAR 

(me/1) 

41.0 

71.0 

62.0 

68.0 

68.0 

69.0 

Na 

•  (me/lOOg) 

1.39 

2.94 

2.78 

3.03 

1.99 

2.28 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.04 

0.04 

0.04 

0.05 

0.02 

0.05 

1:5  EXTRACT 

ZINC 

Zn 

11.0 

11.0 

20.0 

12.0 

3.2 

6.8 

KC5@  25“'C 

(mmhos / cm) 

0.5 

0.9 

0.8 

0.9 

0.6 

0.6 

Ca+Mg 

(me/1) 

0.96 

0.59 

0.75 

0.73 

0.41 

0.55 

EXCHANGEABLE  SODIUM 

(percent) 

39.0 

59.0 

60.0 

49.0 

74.0 

26.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

13.3 

15.0 

17.4 

20.8 

15.4 

22.4 

NaOAc@pH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-108 


Study  Area:_ 


Rattlesnake  Butte 


Relief 


Stoniness 


Location.  Sec.. 


.  Twp . 


Range  . 


Elevation: . 


Climate : . 


Land  Use : _ 


Slope  Aspect 

Vegetation: _ 

Eros  ion : _ 


DETERMINATION 


DATA  (mg/1) 


Parent  Material:. 
Soil  Series: _ 


Drainage : _ 


Soil  Classification:. 


Ground  Water:. 


Land  Form: 


Profile  Description  By:. 


laboratory  DESCRIPTION 


DETERMINATION 


DATA 


14,349 

14,350 

14,351 

79-108-13 

79-108-14 

79-108-1 

194.9-201.3 

202.5-213.3 

220.5-23 

0.1 

0.2 

0.8 

0.4 

2.7 

0.9 

52.1 

45.6 

11.9 

14.9 

67.6 

62.0 

6.2 

15.6 

18.6 

55.6 

16.8 

19.4 

38.2 

FSL 

FSL 

SiCL 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

106 

72 

80 

Laboratory  Numbc- 
Snck  Number 

Depth 

14,349 

79-108-13 

14,350 

79-108-14 

14,351 

79-108-1 

ALUMINUM 

A1 

SILVER 

Ag 

ARSENIC 

As 

BORON 

B 

2.2 

2.0 

3.1 

BARIUM 

Ba 

BERYLLIUM 

Be 

CADMIUM 

Cd 

0.06 

0.06 

0.22 

COBALT 

Co 

CHROMIUM 

Cr 

COPPER 

Cu 

3.0 

8.8 

15.0 

IRON 

Fe 

110.0 

82.0 

110.0 

MERCURY 

Hg 

LITHIUM 

Li 

MANGANESE 

Mn 

6.0 

6.0 

4.0 

MOLYBDENUM 

Mo 

NICKEL 

Ni 

PHOSPHOROUS 

P 

LEAD 

Pb 

4.4 

9.4 

11.0 

STRONTIUM 

Sr 

SELENIUM 

Se 

VANADIUM 

V 

ZINC 

Zn 

3.4 

3.0 

8.8 

Laboratory  Number 
Sack  Number 
DEPTH 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 
MOISTURE  RETENTION 

1/10  bar 
1/3  bar 
15  bar 

SOIL  REACTION -pH 

Paste 
1:5  H2O 

1:2  0.01  M_CaC12 

ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  COi  EQUIVALENT 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 

Saturation  Percentage 
ECe@  25  C 
Ca++ 

Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 
SO4- 
NO  3- 
SAR 
Na 

Ca4Mg 

1:5  EXTRACT 


(Ft) 
(percent) 
(2.0-1. 0  mm) 
(1.0-0. 5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 
(2.0-0.05  mm) 
(0.05-0.002  mm) 
(  0.002  mm) 


cm3) 


($/ 

(in/hr) 


(ml) 

(percent) 


F.C5£  25  C 
Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 

IN  KCL  exchange  acidity 
Total 
A 1 1  H 

CATION  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


10.2 

10.1 

9.7 

(percent) 

(ppm) 

(percent) 

(me/lOOg) 

+10.3 

+9.7 

+13.9 

72.7 

59.4 

95.7 

(mmhos/cm) 

2.5 

2.8 

2.4 

( me  / 1 ) 

0.22 

0.44 

0.33 

(me/1) 

0.09 

0.18 

0.09 

(me  / 1 ) 

26.35 

31.27 

26.35 

(me/1) 

0.14 

0.17 

0.18 

(me/1) 

0.82 

0.62 

0.00 

(me  / 1 ) 

16.67 

22.30 

17.80 

(me/1) 

0.11 

0.14 

0.17 

(me/1) 

8.48 

7.35 

5.84 

(me/1) 

(me/1) 

67.0 

56.0 

58.0 

(me/lOOg) 

1.92 

1.86 

2.52 

(me/lOOg) 

0.03 

0.04 

0.04 

(mmhos/cm) 

0.8 

0.6 

0.5 

(me/1) 

0.63 

0.42 

0.39 

(percent) 

72.0 

75.0 

60.0 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

12.6 

11.9 

20.3 

(mg/ 1) 

1  
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 

BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 

DH-79-109 


S tuHv  Arp*:  Rattlesnake  Butte 

Relief : 

Stoniness  : 

Location.  Sec..  Twp . 

Range 

Elevation: 

Parent  Material: 
Soil  Series:  _ 


Climate : 


Slope  Aspect: _  Drainage: _  Soil  Classification: 

Vegetation: _  Ground  Water _ 


Land  Use: _  Erosion :  _ _  Land  Form: _ _  Profile  Description  By: _ Date: 


laboratory 

DESCRIPTION 

I  DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Number 

14,352 

14,353 

14,354 

14,355 

14,443 

14,444 

Laboratory'  Number 

14,352 

14,353 

14,354 

14,355 

14,443 

14,444 

Sack  Number 

79-109-1 

79-109-2 

79-109-3 

79-109-4 

79-109-5 

79-109-6 

Sark  Number 

79-109-1 

79-109-2 

79-109-3 

79-109-4 

79-109-5 

79-109-6 

Depth 

DEPTH 

(Ft) 

0.0-16.0 

16.9-25.8 

29.5-46.5 

46.5-57.5 

70.0-91.8 

94.2-116.1 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium. Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

1.0 

39.9 

2.5 

36.1 

0.6 

13.7 

BORON 

B 

1.2 

5.0 

3.5 

0.9 

2.7 

1.7 

SILT 

(0.05-0.002  mm) 

46.0 

32.9 

55.1 

38.6 

56.5 

64.7 

CLAY 

(  0.002  mm) 

53.0 

27.2 

42.4 

25.3 

42.9 

21.6 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiC 

CL 

SiC 

L 

SiC 

SiL 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.14 

0.14 

0.30 

0.18 

0.24 

0.14 

24th  Hr. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

74 

157 

235 

220 

120 

58  | 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

5.0 

6.2 

16.0 

7.6 

17.0 

9.6 

SOIL  REACT I ON -pH 

Paste 

IRON 

Fe 

112.0 

88.0 

296.0 

102.0 

306.0 

140.0 

1:5  H2O 

8.7 

9.5 

9.8 

10.0 

9.5 

10.0 

1:2  0.01  Ji_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO  7  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-3.0 

+9.6 

+16.7 

+15.9 

+14.9 

+18.0 

MANGANESE 

Mn 

26.8 

14.0 

54.0 

8.0 

5.0 

28.0 

SATURATION  EXTRACT 

Saturation  Percentage 

134.4 

66.0 

111.0 

101.1 

104.8 

68.0 

MOLYBDENUM 

Mo 

EC e@  25  C 

(mmhos/cm) 

9.8 

4.9 

2.8 

2.5 

2.7 

2.7 

Ga-H- 

(me/1) 

20.31 

1.04 

0.22 

0.22 

0.38 

0.66 

NICKEL 

Ni 

Mg-H- 

(me / 1 ) 

9.95 

0.90 

0.09 

0.09 

0.09 

0.27 

Na+ 

(me/1) 

93.26 

49.98 

29.99 

25.68 

28.93 

40.80 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.82 

0.41 

0.25 

0.17 

0.26 

0.29 

CO  3- 

(me/1) 

0.00 

0.00 

0.00 

0.23 

0.00 

1.59 

LEAD 

Pb 

8.8 

6.8 

8.8 

5.0 

12.0 

7.4 

HCO3- 

(me/1) 

1.92 

12.94 

17.08 

15.92 

14.85 

21.43 

Cl- 

(me/ 1) 

0.12 

0.22 

0.16 

0.16 

0.23 

0.25 

STRONTIUM 

Sr 

SO4- 

(me/1) 

122.20 

41.70 

12.74 

9.25 

9.89 

13.34 

NO  3- 

(me/ 1) 

0.34 

0.68 

SELENIUM 

Se 

SAR 

(me/1) 

17.0 

51.0 

76.0 

65.0 

60.0 

60.0 

Na 

(me/lOOg) 

12.53 

3.30 

3.33 

2.60 

3.03 

2.77 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

3.95 

0.13 

0.03 

0.03 

0.05 

0.06 

1:5  EXTRACT 

ZINC 

Zn 

2.8 

5.4 

12.0 

6.4 

15.0 

6.4 

EC5@  25“C 

(mmhos / cm) 

4.1 

0.9 

1.1 

1.0 

Ca+Mg 

(me/1) 

11.90 

1.49 

1.04 

1.08 

EXCHANGEABLE  SODIUM 

(percent) 

30.0 

49.0 

74.0 

74.0 

69.0 

92.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-++ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

15.7 

18.8 

23.1 

19.5 

17.1 

18.3 

NaOAc@pH  8,2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 

Geologic  Core  Analysis  (cont.) 
DH-79-109 


Studv  Area:  Rattlesnake  Butte 

Relief : 

Stoniness : 

Location.  Sec.  Twp.  Range 

Elevation : 

Slope  Aspect: - _  Drainage: - Soil  Classification: 


Climate : 

Vegetation: 

Ground  Water: 

Land  Use: 

Erosion : 

Land  Form: 

LABORATORY  1  DESCRIPTION 

Ut  1  LHMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Number 

14,445 

Laboratory'  Number 

14,445 

Sack  Number 

79-109-7 

Sack  Number 

79-109-7 

Depth 

DEPTH 

(Ft) 

119.7-137.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

51.6 

BORON 

B 

2.5 

SILT 

(0.05-0.002  mm) 

36.2 

CLAY 

(  0.002  mm) 

12.2 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

L 

BULK  DENSITY 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

0.00 

CADMIUM 

Cd 

0.18 

24th  Hr. 

0.00 

SETTLING  VOLUME 

(ml) 

35 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

6.4 

SOIL  REACT I ON -pH 

Paste 

IRON 

Fe 

66.0 

1:5  H2O 

9.8 

1:2  0.01  M  CaCl? 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  C0^  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+9.2 

MANGANESE 

Mn 

8.0 

SATURATION  EXTRACT 

Saturation  Percentage 

74.9 

MOLYBDENUM 

Mo 

EC  e@  25  C 

(mmhos/cm) 

3.8 

Ca++ 

(me/l) 

1.76 

NICKEL 

Ni 

Mg-H- 

(me/1) 

0.54 

Na+ 

(me/l) 

41.90 

PHOSPHOROUS 

P 

K-f 

(me/1) 

0.25 

CO  3- 

(me/l) 

0.00 

LEAD 

Pb 

6.2 

HCO3- 

(me/l) 

15.79 

Cl- 

(me/l) 

0.24 

STRONTIUM 

Sr 

so  4- 

(me/l) 

21.74 

NO  3- 

(me/l) 

0.60 

SELENIUM 

Se 

SAR 

,  (me/l) 

39.0 

Na 

(me/lOOg) 

3.14 

VANADIUM 

V 

Ca-tMg 

(me/lOOg) 

0.17 

1:5  EXTRACT 

ZINC 

Zn 

11.0 

F.C5g  25° C 

(mmhos / cm) 

Ca-tMg 

(me/l) 

EXCHANGEABLE  SODIUM 

(percent) 

60.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

12.2 

NaOAcgpH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 

BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH- 79-110 


Study  Area:  Rattlesnake  Butte _  Relief: _  Stoniness: 

Location.  Sec. _ Twp. _ Range _  Elevation: _ _ _  _ 

____________ Slope  Aspect: _  Drainage:. 


Parent  Material: _ 

Soil  Series:  _ 

Soil  Classification: 


Climate : 


Vegetation: 


Ground  Water: 


Land  Use : . 


Land  Form: . 


Profile  Description  By: . 


LABORATORY  DESCRIPTION 


DETERMINATION 


DATA  (mg/1) 


DETERMINATION 


DATA 


LITHIUM 


MANGANESE 


MOLYBDENUM 


NICKEL 


PHOSPHOROUS 


STRONTIUM 


Laboratory  Number 

14,446 

14,447 

14,448 

14,449 

14,450 

14,451 

Laboratory  Number 

14,446 

14,447 

14,448 

14,449 

14,450 

14,451 

79-110-1 

79-110-2 

79-110-3 

79-110-4 

79-110-5 

79-110-6 

Sark  Number 

79-110-1 

79-110-2 

79-110-3 

79-110-4 

79-110-5 

79-110-f 

Depth 

DEPTH 

(Ft) 

0.0- 20.0 

20.0-40.0 

40.0-64.0 

76.2-90.0 

90.0-107.5 

109.3-1 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

11.8 

18.1 

25.3 

19.2 

12.5 

3.2 

BORON 

B 

2.3 

2.2 

2.0 

1.3 

2.8 

1.6 

SILT 

(0.05-0.002  mm) 

67.2 

58.5 

46.6 

54.3 

65.1 

66.4 

CLAY 

(  0.002  mm) 

21.0 

23.4 

28.1 

26.5 

22.4 

30.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiL 

SiL 

CL 

SiL 

SiL 

SiCL 

BULK  DENSITY 

(g/cnr  ) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(In/hr) 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.14 

0.20 

0.20 

0.30 

0.14 

0.20 

24th  Hr. 

0.06 

0.00 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

24 

38 

54 

60 

89 

70 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

6.6 

8.8 

11.0 

12.0 

9.0 

15.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

82.0 

128.0 

128.0 

138.0 

208.0 

122.0 

1:5  H2O 

7.9 

9.4 

9.7 

9.2 

9.9 

9.6 

Hg 


30.0 


16.0 


16.0 


18.0 


26.0 


8.8 


21.0 


6.4 


8.0 


8.0 


6.0 


10.0 


1:2  0.01  _M_ CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 
Ca  CO^  EQUIVALENT 

GYPSUM  REQUIREMENT 
SATURATION  EXTRACT 

Saturation  Percentage 
ECe@  25  C 
Ca++ 

Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

SO4- 

NO3- 

S-AR 

Na 

Ca4Mg 

1:5  EXTRACT 


(percent) 

(ppm) 


5.8 


7.4 


8.8 


9.8 


8.0 


7.4 


FC5(a  25  C 
Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 

IN  KCL  exchange  acidity 
~~  Total 
A1+-H- 

C AT I ON  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


(me/lOOg) 

-11.3 

+8.2 

+12.6 

+10.1 

+13.1 

+13.6 

50.5 

74.3 

85.9 

76.3 

100.3 

89.3 

(mmhos/ cm) 

7.1 

4.2 

3.6 

3.4 

1.9 

2.5 

(me/1) 

26.73 

1.26 

0.38 

0.49 

0.22 

0.33 

(me/1) 

26.50 

1.62 

0.45 

0.54 

0.09 

0.27 

(me/1) 

43.57 

40.70 

35.15 

35.82 

19.32 

25.87 

(me/1) 

1.53 

0.73 

0.42 

0.48 

0.23 

0.28 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(me/1) 

3.01 

8.25 

10.25 

11.94 

11.09 

12.67 

(me/1) 

0.62 

0.27 

0.27 

0.26 

0.25 

0.24 

(me/1) 

95.67 

34.56 

24.82 

21.28 

6.70 

10.34 

(me/1) 

0.79 

0.27 

0.13 

0.31 

0.13 

0.17 

(me/1) 

8.4 

34.0 

55.0 

50.0 

49.0 

47.0 

(me/lOOg) 

2.20 

3.02 

3.02 

2.73 

1.94 

2.31 

(me/lOOg) 

2.69 

0.21 

0.07 

0.08 

0.03 

0.05 

(mmhos/ cm) 
(me/1) 
(percent) 

6.0 

34.0 

51.0 

46.0 

60.0 

52.0 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

12.5 

19.6 

19.8 

17.8 

15.3 

20.3 

(mg/1) 


(/> 

<D 

0> 


O 

— t» 

fV> 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH- 79- 110 


Study  Area:  Rattlesnake  Butte _ __  Relief: _ Stoniness: _ _  Parent  Material: _ 

Location.  Sec. _ Twp. _  Range _  Elevation: _ _ Soil  Series:  _ 

—  '■  -  Slope  Aspect:, -  Drainage: _  Soil  Classification: 

Climate: _  Vegetation: _  Ground  Water:  _ 


Land  Use: 


Erosion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY 

DESCRIPTION 

determination 

DATA  (mg / 1 ) 

DETERMINATION 

DATA 

Laboratory  Numb**-*- 

14,452 

14,453 

Laboratory'  Number 

14,452 

14,453 

Sack  Number 

79-110-7 

79-110-8 

Sack  Number 

79-110-7 

79-110-8 

Depth 

DEPTH 

(Ft) 

125.0-136. 

2  149.0-164.2 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

42.3 

25.9 

BORON 

B 

2.2 

1.6 

SILT 

(0.05-0.002  mm) 

36.7 

46.7 

CLAY 

(  0 . 002  mm) 

21.0 

27.4 

BARIUM 

Ba  • 

TEXTURAL  CLASS  (LAB) 

L 

CL 

BULK  DENSITY 

(g/cm^) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

CADMIUM 

Cd 

0.14 

0.24 

24th  Hr. 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

68 

76 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

8.8 

11.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

106.0 

86.0 

1:5  H2O 

9.8 

9.3 

1:2  0 . 01  _M_  CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+11.6 

+10.2 

MANGANESE 

Mn 

4.8 

2.0 

SATURATION  EXTRACT 

Saturation  Percentage 

73.9 

76.4 

MOLYBDENUM 

Mo 

EC e@  25  C 

(mmhos./ cm) 

2.4 

3.6 

Ga-H- 

(me/ 1) 

0.27 

0.55 

NICKEL 

Ni 

Mg++ 

(me/1) 

0.18 

0.45 

Na+ 

(me/1) 

24.01 

34.77 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.23 

0.39 

CO  3- 

(me/l) 

0.07 

0.00 

LEAD 

Pb 

5.2 

7.6 

HCO3- 

(me/1) 

10.55 

8.02 

Cl- 

(me  / 1 ) 

0.26 

0.29 

STRONTIUM 

Sr 

SO  4- 

(me/1) 

14.82 

24.34 

NO3- 

(me/l) 

0.14 

0.14 

SELENIUM 

Se 

SAR 

(me/1) 

51.0 

49.0 

Na 

(me/100g) 

1.77 

2.66 

VANADIUM 

V 

Ca4Mg 

(me/lOOg) 

0.03 

0.07 

1:5  EXTRACT 

ZINC 

Zn 

7.0 

19.0 

EC5@  25“C 

(mmhos /cm) 

Ca+Mg 

(me/l) 

EXCHANGEABLE  SODIUM 

(percent) 

55.0 

43.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+++ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

15.4 

19.3 

NaOAc@pH  8.2 

BORON 

(mg/ 1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-111 


Study  Area:  Rattlesnake  Butte _  Relief: _  Stoniness: _ _ _  Parent  Material: 

Location.  Sec. _ Twp. _  Range _  Elevation: _ _ — -  Soil  Series:  - 


Soil  Classifimfintr 

Ground  Water: 

Land  Form: 

Profile  Description  Bv: 

Dat-p  : 

LABORATORY  '  DESCRIPTION 

DETERMINATION 

DATA (mg/1) 

DETERMINATION 

DATA 

Laboratory’  Nunbo>- 

14,454 

14,455 

14,456  14,457 

14,458 

14,459 

Laboratory  Number 

14,454 

14,455 

14,456 

14,457 

14,458 

14,459 

79-111-1 

79-111-2 

79-111-3  79-111-4 

79-111-5 

79-111-6 

Sark  Number 

79-111-1 

79-111-2 

79-111-3 

79-111-4 

79-111-5 

79-111-6 

Depth 

DEPTH 

(Ft) 

0-20.3 

20.3-34.5 

34.5-55.0 

55.0-75.0 

75.0-100.0 

100.0-124.5 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.1 

0.1 

0.0 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

0.1 

0.2 

0.2 

0.2 

SILVER 

Medium  Sand 

(0.5-0.25  mm) 

3.3 

1.4 

1.1 

0.9 

Fine  Sand 

(0.25-0.10  mm) 

61.7 

61.6 

47.9 

48.9 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

18.8 

22.6 

29.8 

32.5 

TOTAL  SAND 

(2.0-0.05  mm) 

10.9 

37.5 

84.0 

85.9 

79.0 

82.6 

BORON 

B 

4.5 

5.0 

0.9  0.6 

1.1 

1.3 

SILT 

(0.05-0.002  mm) 

49.4 

42.9 

10.0 

9.0 

15.5 

11.0 

CLAY 

(  0.002  mm) 

39.7 

19.6 

6.0 

5.1 

5.5 

6.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiCL 

L 

LFS 

LFS 

LFS 

LFS 

BULK  DENSITY 

(  g  /  ctn  ) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr, 

0.02 

0.00 

0.91 

1.54 

0.20 

0.06 

CADMIUM 

Cd 

0.12 

0.04 

0.04  0.02 

0.02 

0.02 

24th  Hr. 

0.02 

0.00 

0.75 

1.42 

0.16 

0.04 

SETILING  VOLUME 

(ml) 

48 

46 

20 

17 

18 

20 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

7.0 

6.6 

1.6  1.2 

0.8 

1.4 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

244.0 

60.0 

58.0  70.0 

70.0 

64.0 

1:5  H2O 

7.9 

9.2 

9.1 

8.9 

9.5 

9.8 

1:2  0.01  M_cacl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO^  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-3.0 

+7.3 

+0.8 

-0.4 

+0.5 

+1.7 

MANGANESE 

Mn 

15.0 

6.8 

6.0  6.0 

6.0 

4.0 

SATURATION  EXTRACT 

Saturation  Percentage 

71.6 

49.2 

30.8 

30.2 

28.3 

29.4 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

6.9 

3.3 

1.4 

2.8 

3.6 

Ca-H- 

( me  / 1 ) 

21.41 

1.43 

1.98 

5.16 

1.43 

0.60 

NICKEL 

Ni 

Mg-H- 

(me/1) 

35.30 

1.36 

1.53 

3.07 

0.99 

0.36 

Na+ 

(me/1) 

102.80 

65.28 

19.32 

5.55 

24.53 

34.91 

PHOSPHOROUS 

P 

K+ 

(me/1) 

1.09 

0.58 

0.62 

0.75 

0.61 

0.40 

CO  3- 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

LEAD 

Pb 

8.2 

6.4 

3.8  3.4 

1.4 

2.4 

HCO3- 

(me/1) 

6.03 

10.39 

4.04 

3.26 

4.86 

6.91 

Cl- 

(me/l) 

1.54 

0.49 

1.55 

0.90 

0.77 

1.21 

STRONTIUM 

Sr 

SO4- 

(me/1) 

156.50 

58.30 

17.07 

10.63 

21.17 

26.94 

NO3- 

(me/1) 

1.81 

0.07 

0.12 

o.u 

0.03 

0.05 

SELENIUM 

SAR 

(me/1) 

19.0 

55.0 

15.0 

2.7 

22.0 

50.0 

Na 

(me/lOOg) 

7.36 

3.32 

0.60 

0.17 

0.69 

1.03 

VANADIUM 

V 

CatMg 

(me/lOOg) 

3.99 

0.14 

0.11 

0.25 

0.07 

0.03 

1:5  EXTRACT 

» 

ZINC 

3.2 

10.0 

1.6  1.6 

2.0 

4.0 

FC5@  25wC 

(mmhos / cm) 

3.6 

0.9 

0.2 

0.2 

0.3 

0.4 

Ca+Mg 

(me/l) 

16.68 

0.71 

0.48 

0.86 

0.45 

0.52 

EXCHANGEABLE  SODIUM 

(percent) 

22.0 

52.0 

11.0 

3.1 

18.0 

42.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

AI+H 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

20.4 

9.7 

4.3 

3.0 

3.9 

3.0 

NaOAc@pH  8.2 

BORON 

(mg/ 1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-111 


Study  Area:  _  Rattlesnake  Butte _ __  Relief  _  Stoniness: _  Parent  Material: _ 

Location.  Sec. _ Twp. _  Range _  Elevation: _  _ _  Soil  Series:  _ 

- — . . . . .  Slope  Aspect: _  Drainage: _  Soil  Classification: 

Climate: _  Vegetation: _  Ground  Water:  _ 


Land  Use: 


Eros  ion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY  1 

DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbe-*- 

14,460 

14,461 

14,462 

Laboratory  Number 

14,460 

14,461 

14,462 

Sack  Number 

79-111-7 

79-111-8 

79-111-9 

Sack  Number 

79-111-7 

79-111-8 

79-111-9 

Depth 

DEPTH 

(Ft) 

124.5-147.0 

147.0-159.0 

159.0-184.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

23.2 

4.4 

19.1 

BORON 

B 

3.3 

2.8 

0.7 

SILT 

(0.05-0.002  mm) 

50.9 

64.9 

37.5 

CLAY 

(  0.002  mm) 

25.9 

30.7 

43.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiL 

SiCL 

c 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.24 

0.24 

0.04 

24th  Hr. 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

82 

108 

122 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

11.0 

17.0 

2.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

202.0 

202.0 

160.0 

1:5  H2O 

9.6 

9.8 

8.9 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  C0i  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+12.2 

+12.0 

+13.6 

MANGANESE 

Mn 

34.0 

26.0 

21.0 

SATURATION  EXTRACT 

Saturation  Percentage 

81.4 

86.5 

92.3 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

3.2 

2.8 

4. 8 

Ca++ 

(  me  / 1 ) 

0.22 

0.38 

0.18 

NICKEL 

Ni 

Mg++ 

(me/1) 

0.27 

0.18 

0.54 

Na+ 

(me/1) 

33.43 

28.70 

49.31 

PHOSPHOROUS 

P 

K+ 

(me  / 1 ) 

0.28 

0.29 

0.54 

CO  3- 

(me/1) 

0.11 

1.02 

0.00 

LEAD 

Pb 

7.2 

11.0 

5.8 

HCO  3- 

(me/1) 

16.68 

14.51 

20.96 

Cl- 

(me/1) 

0.28 

0.19 

0.21 

STRONTIUM 

Sr 

SO  4- 

(me/l) 

14.10 

10.95 

28.52 

NO  3- 

(me/1) 

0.03 

0.06 

0.20 

SELENIUM 

Se 

SAR 

(me/1) 

68.0 

54.0 

65.0 

Na 

(me/100g) 

2.72 

2.48 

4.55 

VANADIUM 

V 

CatMg 

(me/lOOg) 

0.04 

0.05 

0.11 

1:5  EXTRACT 

ZINC 

Zn 

12.0 

11.0 

2.0 

F.c5@  25uC 

(mmhos /cm) 

0.9 

0.8 

1.1 

Ca+Mg 

(  me  / 1 ) 

1.73 

2.64 

1.41 

EXCHANGEABLE  SODIUM 

(percent) 

59.0 

54.0 

45.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

Al-H-f 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

18.5 

18.3 

21.7 

NaOAc@pH  8.2 

BORON 

(mg/l) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-112 


8c,Hv  Arp#i *.  Rattlesnake  Butte 

Relief : 

Stoniness : 

Parent  Materi al : 

Soil  Series: 

Drainage : 

Soil  Classification: 

Climate : 

Vegetation: 

Ground  Water: 

Land  Use:__ _ _ __  Erosion:  _  Land  Form: _ Profile  Description  By: - Date: 


laboratory 

’  DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbf"* 

14,463 

14,464 

14,465 

14,466 

14,467 

14,468 

Laboratory  Number 

14,463 

14,464 

14,465 

14,466 

14,467 

14,468 

Sack  Number 

79-112-1 

79-112-2 

79-112-3 

79-112-4 

79-112-5 

79-112-6 

Sack  Number 

79-112-1 

79-112-2 

79-112-3 

79-112-4 

79-112-5 

79-112-6 

Depth 

DEPTH 

(Ft) 

0.0-17.0 

17.0-34.3 

38.9-58.0 

58.0-68.0 

68.0-78.5 

78.5-99.2 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

Al 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.2 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

12.0 

9.9 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

32.9 

23.8 

Fine  Sand 

(0.25-0.10  mm) 

20.8 

36.9 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

7.2 

8.1 

TOTAL  SAND 

(2.0-0.05  mm) 

73.1 

78.8 

2.8 

5.1 

0.4 

5.0 

BORON 

B 

0.6 

3.5 

6.8 

2.5 

3.1 

1.4 

SILT 

(0.05-0.002  mm) 

14.5 

10.4 

75.9 

52.9 

60.8 

55.3 

CLAY 

(  0.002  mm) 

12.4 

10.8 

21.3 

42.0 

38.8 

39.7 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SL 

SL 

SiL 

SiC 

SiCL 

SiCL 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(ln/hr) 

0.00 

0.00 

6th  Hr. 

0.59 

0.94 

0.02 

0.00 

CADMIUM 

Cd 

0.08 

0.06 

0.10 

0.12 

0.14 

0.14 

24th  Hr. 

0.55 

0.98 

0.02 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

21 

22 

25 

68 

77 

77 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

1.6 

1.6 

8.2 

5.6 

7.4 

8.6 

SOIL  REACT ION -pH 

Paste 

IRON 

Fe 

160.0 

150.0 

82.0 

286.0 

302.0 

316.0 

1:5  H2O 

1:2  0.01  M_CaCl2 

9.0 

8.3 

8.7 

9.0 

J9.6 

9.6 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

+1.8 

+10.0 

+11.9 

+11.8 

GYPSUM  REQUIREMENT 

(me/lOOg) 

-0.2 

+0.1 

MANGANESE 

Mn 

8.0 

7.8 

22.0 

22.0 

77.8 

73.0 

SATURATION  EXTRACT 

82.6 

Saturation  Percentage 

30.4 

33.5 

50.2 

77.4 

101.6 

MOLYBDENUM 

Mo 

ECe@  25  C 

Ca-H- 

(mmhos/cm) 

(me/1) 

0.98 

1.54 

0.93 

1.98 

4.4 

6.15 

3.8 

0.82 

2.9 

0.44 

3.3 

0.71 

NICKEL 

Ni 

Mg++ 

(me/l) 

2.70 

1.35 

5.96 

0.45 

0.18 

0.36 

Nat- 

(me  / 1 ) 

5.60 

5.60 

35.01 

38.12 

29.70 

33.67 

PHOSPHOROUS 

P 

K+ 

(me  / 1 ) 

0.20 

0.25 

1.02 

0.50 

0.30 

0.36 

CO  3- 

(me/1) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

LEAD 

Pb 

2.  2 

2.4 

8.6 

6.8 

6.2 

6.4 

HCO3- 

(me/1) 

4.04 

1.82 

5.43 

13.27 

12.93 

13.69 

Cl- 

(me/l) 

0.99 

0.85 

0.22 

0.23 

0.24 

0.24 

STRONTIUM 

Sr 

so  4- 

(me/1) 

4.16 

5.41 

39.56 

23.38 

15.32 

16.63 

NO  3- 

(me/l) 

0.51 

0.47 

0.28 

0.23 

0.09 

0.06 

SELENIUM 

Se 

SAR 

(me/l) 

3.8 

4.3 

14.0 

48.0 

53.0 

46.0 

Na 

(me/100g) 

0.17 

0.19 

1.76 

2.97 

3.02 

2.78 

VANADIUM 

V 

Ca+Mg 

(me/100g) 

0.13 

0.12 

0.61 

0.10 

0.06 

0.09 

1:5  EXTRACT 

ZINC 

Zn 

2.2 

2.4 

4.4 

8.0 

7.4 

9.6 

FC5!?  25“C 

(mmhos/cm) 

0.2 

0.1  • 

0.7 

0.9 

0.9 

0.9 

Ca+Mg 

(me/l) 

1.22 

1.17 

1.01 

1.38 

1.62 

1.48 

EXCHANGEABLE  SODIUM 

ACIDITY 

(percent) 

3.7 

3.9 

12.0 

39.0 

56.0 

51.0 

IN  KCL  exchange  acidity 
Total 

(me/lOOg) 

Al-H-f 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

7.0 

8.5 

13.0 

21.7 

16.3 

16.9 

NaOAc@pH  8.2 

BORON 

(mg/ 1) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH- 79-112 


Study  Area:  Rattlesnake  Butte _  Relief: _  Stoniness: 

Location.  Sec. _ Twp. _ Range _  Elevation: _ _  _ 

_  Slope  Aspect: _  Drainage :_ 


Parent  Material: _ 

Soil  Series:  _ 

Soil  Classification: 


Climate : 


Vegetation: 


Ground  Water: 


Land  Use: _ _  Erosion:__ _ _ _  Land  Form: _ _ _  Profile  Description  By: - Date: 


laboratory 

DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory'  Numbe>* 

14,469 

14,470 

14,471 

14,472 

14,473 

Laboratory  Number 

14,469 

14,470 

14,471 

14,472 

14,473 

Sack  Number 

79-112-7 

79-112-8 

79-112-9 

79-112-10 

79-112-11 

Sack  Number 

79-112-7 

79-112-8 

79-112-9 

79-112-10 

79-112-11 

Depth 

DEPTH 

(  Ft) 

99.2-119.5 

119.5-138.5 

145.0-165.0 

165.0-181.8 

182.0- 204.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.1 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

0.2 

0.9 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

3.2 

20.3 

Fine  Sand 

(0.25-0.10  mm) 

62.3 

51.1 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

16.3 

8.9 

TOTAL  SAND 

(2.0-0.05  mm) 

82.1 

6.2 

6.6 

29.1 

81.3 

BORON 

B 

2.2 

2.5 

1.9 

1.5 

2.6 

SILT 

(0.05-0.002  mm) 

11.8 

67.5 

64.2 

52.0 

8.9 

CLAY 

(  0.002  mm) 

6.1 

26.3 

29.2 

18.9 

9.8 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

LFS 

SiL 

SiCL 

SiL 

LFS 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.10 

0.00 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.04 

0.14 

0.30 

0.16 

0.06 

24th  Hr. 

0.10 

0.00 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

20 

62 

70 

75 

70 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

2.2 

10.0 

16.0 

9.0 

3.0 

SOIL  REACT I ON -pH 

Paste 

IRON 

Fe 

102.0 

258.0 

116.0 

102.0 

170.0 

1:5  H20 

••  9.6 

9.8 

9.8 

9.9 

10.0 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COi  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+7.5 

+14.4 

+20.0 

+20.0 

+12.2 

MANGANESE 

Mn 

10.0 

54.0 

10.0 

12.0 

10.0 

SATURATION  EXTRACT 

Saturation  Percentage 

28.8 

79.9 

95.2 

82.1 

54.8 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

3.3 

2.8 

2.7 

3.6 

3.9 

Ca-H- 

(me/1) 

2.20 

0.33 

0.44 

0.22 

0.22 

NICKEL 

Ni 

Mg++ 

(me/1) 

0.81 

0.18 

0.18 

0.09 

0.09 

Na+ 

(me/1) 

30.66 

29.51 

28.50 

38.20 

39.40 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.51 

0.32 

0.23 

0.36 

0.23 

CO  3- 

(me/1) 

0.00 

0.00 

0.00 

1.04 

0.60 

LEAD 

Pb 

3.6 

5.6 

11.0 

6.2 

2.6 

HCO3- 

(me/1) 

5.21 

16.40 

13.85 

19.99 

9.84 

Cl- 

(me/1) 

0.57 

0.21 

0.24 

0.22 

0.25 

STRONTIUM 

Sr 

so  4- 

(me/l) 

25.61 

12.03 

12.51 

16.34 

28.63 

NO  3- 

(me/1) 

0.41 

0.03 

0.27 

0.16 

0.08 

SELENIUM 

Se 

SAR 

(me/ 1) 

25.0 

58.0 

51.0 

97.0 

100.0 

Na 

(me/100g) 

0.88 

2.36 

2.71 

3.13 

2.16 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.08 

0.04 

0.06 

0.03 

0.06 

1:5  EXTRACT 

ZINC 

Zn 

8.2 

8.8 

15.0 

6.2 

10.0 

F.Cjta  25“  c 

(mmhos / cm) 

0.1 

0.8 

0.9 

1.1 

0.7 

Ca4Mg 

(me/1) 

0.16 

1.18 

1.51 

1.81 

2.46 

EXCHANGEABLE  SODIUM 

(percent) 

36.0 

54.0 

69.0 

67.0 

61.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+++ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

2.4 

12.9 

17.0 

17.4 

8.1 

NaOAc@pH  8.2 

BORON 

(  mg  / 1 ) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-113 


ShiHv  Aren :  Rattlesnake  Butte 

Relief : 

Stoniness : 

Slope  Aspect: 

Drainage : 

Parent  Material: - 

Soil  Series:  _ 

Soil  Classification: 


Land  Use : _ 


Vegetation: _ 
Erosion: _ 


Ground  Water:. 


Land  Form: 


Profile  Description  By:. 


DETERMINATION 


DATA  (mg/1) 


laboratory  DESCRIPTION 


DETERMINATION 


DATA 


Laboratory  Nvimbo-*- 
Sack  Number 
Depth 

ALUMINUM 

SILVER 

ARSENIC 

BORON 

BARIUM 

BERYLLIUM 

CADMIUM 

COBALT 

CHROMIUM 

COPPER 

IRON 

MERCURY 

LITHIUM 

MANGANESE 

MOLYBDENUM 

NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


A1 

Ag 

As 

B 

Ba 

Be 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Li 

Mn 

Mo 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


14,474 

79-113-1 


14,475 

79-113-2 


14,476 

79-113-3 


14,477 

79-113-4 


14,478 

79-113-5 


2.6 


0.18 


9.6 

170.0 


32.0 


3.8 


0.20 


14.0 

200.0 


26.0 


3.3 


0.24 


17.0 

344.0 


60.0 


3.1 


0.14 


9.2 

92.0 


8.0 


0.24 


15.0 

246.0 


50.0 


5.2 


7.8 


8.4 


9.4 


7.0 


5.6 


13.0 


15.0 


9.0 


11.0 


Laboratory  Number 
Sack  Number 
DEPTH 

PARTICLE  SIZE  ANALYSIS 

Very  Coarse  Sand 
Coarse  Sand 
Medium  Sand 
Fine  Sand 
Very  Fine  Sand 
TOTAL  SAND 
SILT 
CLAY 

TEXTURAL  CLASS  (LAB) 

BULK  DENSITY 
HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

24th  Hr. 

SETTLING  VOLUME 
MOISTURE  RETENTION 
1/10  bar 
1/3  bar 
15  bar 

SOIL  REACT I ON -pH 

Paste 
1:5  H2O 

1:2  0.01  _M_CaCl2 
ORGANIC  CARBON 
AVAILABLE  PHOSPHORUS 

Ca  CO^  EQUIVALENT 

GYPSUM  REQUIREMENT 

SATURATION  EXTRACT 

Saturation  Percentage 
ECe@  25  C 
Ca++ 

Mg++ 

Na+ 

K+ 

CO3- 

HCO3- 

Cl- 

S04- 

NO3- 

S'AR 

Na 

Ca+Mg 

1:5  EXTRACT 


F.C5<a  25WC 

Ca+Mg 

EXCHANGEABLE  SODIUM 

ACIDITY 

IN  KCL  exchange  acidity 
—  Total 
A 1+++ 

C AT I ON  EXCHANGE  CAPACITY 

NaOAc@pH  8.2 
BORON 


14,474 

14,475 

14,476 

14,477 

14,478 

79-113-1 

79-113-2 

79-113-3 

79-113-4 

79-113-4 

(Ft ) 
(percent) 

(2. 0-1.0  mm) 
(1.0-0. 5  mm) 
(0.5-0.25  mm) 
(0.25-0.10  mm) 
(0.10-0.05  mm) 

0-28.5 

28.5-53.0 

63.0-86.8 

87.6-98.8 

102.6-113.1 

(2.0-0.05  mm) 

25.0 

17.9 

1.3 

51.5 

16.7 

(0.05-0.002  mm) 

44.6 

48.5 

61.6 

24.5 

59.1 

(  0.002  mm) 

30.4 

33.6 

37.1 

24.0 

24.2 

(g/cm3) 

(in/hr) 

CL 

SiCL 

SiCL 

SCL 

SiL 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

(ml) 

(percent) 

125.0 

177.0 

145.0 

156.0 

123.0 

(percent) 

(ppm) 

(percent) 

(me/lOOg) 


(mmhos/cm) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me / 1 ) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 
(me/1) 


9.0 

9.8 

9.8 

9.9 

9.9 

+9.5 

+17.3 

+14.7 

+13.5 

+18.4 

106.5 

7.1 

122.3 

3.6 

103.9 

3.1 

121.5 

2.2 

108.9 

2.5 

7.63 

9.41 

70.30 

0.84 

0.00 

4.68 

0.56 

81.72 

0.88 

24.0 


0.33 

0.18 

34.00 

0.31 

0.00 

13.87 

0.23 

19.45 

<0.03 

67.0 


0.33 

0.18 

32.80 

0.33 

0.00 

18.76. 

0.22 

14.01 

<0.03 

65.0 


0.11 

0.09 

22.70 

0.15 

0.00 

12.21 

0.23 

9.78 

<0.03 

72.0 


0.16 

0.09 

26.10 

0.22 

0.95 

17.28 

0.24 

6.06 

<0.03 

74.0 


(me/lOOg) 

7.54 

4.16 

3.41 

2.76 

2.84 

(me/lOOg) 

1.81 

0.06 

0.05 

0.02 

0.03 

(mmhos/cm) 

1.7 

1.1 

0.9 

0.9 

0.8 

(me/1) 

0.86 

3.18 

2.65 

3.13 

2.52 

(percent) 

22.0 

57.0 

58.0 

70.0 

66.0 

(me/lOOg) 

(me/lOOg) 

(me/lOOg) 

21.0 

23.0 

18.3 

18.5 

20.0 

(mg/1) 


tv 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis  (cont.) 
DH-79-113 


Studv  Aren:  Rottlennakc  Butte 

Relief: 

Ston i ness : 

Parent  Material: 

Location.  Sec.  Twp . 

Range 

.  Elevation: 

Soil  Seri ph • 

Slope  Aspect: _  Drainage: _  Soil  Classification: 


Eros  ion : 

_  Land  Form: 

Profile 

Description 

Bv: 

LABORATORY  1 

DESCRIPTION 

DETERMINATION 

DATA 

(mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbt*** 

14,479 

14,480 

14,481 

14,482 

14,483 

Laboratory  Number 

14,479 

14,480 

14,481 

14,482 

14,483 

Sack  N'i"bf»r 

79-113-6 

79-113-7 

79-113-8  79-113-9 

79-113-10 

Snck  Number 

79-113-6 

79-113-7 

79-113-8 

79-113-9 

79-113-10 

Doptb 

DEPTH 

(  Ft) 

113.1-127.6 

129.0-143.0 

143.0-160.0 

160.0-174.5 

174.5-200.5 

PARTICLE  SIZE  ANALYSIS 

(percent ) 

ALUMINUM 

AL 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.2 

0.0 

0.1 

0.1 

Coarse  Sand 

(1.0-0. 5  mm) 

0.6 

3.1 

0.4 

2.6 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

1.2 

20.7 

3.5 

16.8 

Fine  Sand 

(0.25-0.10  mm) 

21.3 

34.4 

58.7 

53.2 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

37.5 

22.2 

19.8 

9.7 

TOTAL  SAND 

(2.0-0.05  mm) 

31.2 

60.8 

80.4 

82.5 

82.4 

BORON 

B 

1.7 

1.9 

1.6 

2.2 

1.3 

SILT 

(0.05-0.002  mm) 

41.8 

23.0 

9.4 

8.3 

8.0 

CLAY 

(  0.002  mm) 

27.0 

16.2 

10.2 

9.2 

9.6 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

(g/cm  *) 
(in/hr) 

CL 

VFSL 

LFS 

LFS 

LFS 

BERYLLIUM 

Be 

MM  DKNKITY 

HYDRAULIC  CONDUCTIVITY 

6th  Hr. 

0.00 

0.00 

0.00 

0.04 

0.00 

CADMIUM 

Cd 

0.14 

0.12 

0.08 

0.06 

0.06 

24th  Hr. 

0.00 

0.00 

0.00 

0.02 

0.00 

SETTLING  VOLUME 

(ml) 

103 

80 

34 

30 

32 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

18.0 

8.0 

3.8 

2.6 

2.0 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

122.0 

70.0 

272.0 

144.0 

132.0 

1:5  HjjO 

1:2  0.01  M_CaCl2 

10.0 

10.0 

9.9 

10.0 

10.1 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent ) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COq  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(ine/100g) 

+12.0 

+7.2 

+6.2 

+6.6 

MANGANESE 

Mn 

18.0 

10.0 

38.0 

14.0 

12.0 

SATURATION  EXTRACT 

Saturation  Percentage 

101.1 

63.7 

34.2 

37.9 

34.2 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/cm) 

2.7 

3.2 

4.8 

4.3 

3.9 

Ca++ 

(me/ 1) 

0.22 

0.55 

0.49 

0,49 

0.33 

NICKEL 

Ni 

Mg-H- 

(me/l) 

0.09 

0.18 

0.18 

0.18 

0.09 

Na+ 

(me/1) 

27.70 

33.70 

51.40 

45.10 

41.10 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.18 

0.26 

0.21 

0.17 

0.15 

CO  3- 

(me/1) 

0.38 

0.00 

1.58 

0.14 

0.73 

LEAD 

Pb 

10.0 

6.8 

3.4 

2.6 

3.0 

HC0  3- 

(mc/1) 

13.71 

15.19 

19.15 

15.30 

16.28 

Cl- 

(me/1) 

0.21 

0.25 

0.32 

0.26 

0.28 

STRONTIUM 

Sr 

SO  4- 

(me/1) 

10.41 

16.18 

29.56 

27.30 

22.07 

NO  3- 

(me/1) 

<0.03 

<0.03 

0.10 

0.04 

0.48 

SELENIUM 

Se 

SAR 

(me/l) 

70.0 

56.0 

89.0 

78.0 

90.0 

Na 

(me/100g) 

2.80 

2.15 

1.76 

1.71 

1.40 

VANADIUM 

V 

Ca+Mg 

(me/100g) 

0.03 

0.05 

0.03 

0.03 

0.01 

1:5  EXTRACT 

ZINC 

Zn 

6.8 

5.6 

4.6 

4.4 

4.2 

rcc5!?  25°C 

(mmhos/cm) 

1.0 

0.7 

0.6 

0.7 

0.6 

CatMg 

(me/l) 

1.82 

1.64 

0.96 

0.89 

1.13 

EXCHANGEABLE  SODIUM 

ACIDITY 

(percent) 

75.0 

62.0 

78.0 

66.0 

67.0 

IN  KCL  exchange  acidity 
“  Total 

(me/100g) 

A1+++ 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/100g) 

18.5 

13.4 

8.6 

7.6 

7.1 

Na0Ac@pH  8.2 

BORON 

(mg/ 1 ) 

(/) 


ro 

o 


ro 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH- 79-114 


Relief: 

Stoniness : 

Parent  Material: - 

Soil  Series:  _ _ _ — 

Slope  Aspect: 

Drainage : 

Soil  Classification: - 

Climate : 


Vegetation: 


Ground  Water: 


Land  Form: . 


Profile  Description  By:. 


laboratory 

DESCRIPTION 

DETERMINATION 

DATA 

Laboratory'  Number 

14,484 

14,485 

14,486 

14,487 

14,488 

14,489 

Sack  Number 

79-114-1 

79-114-2 

79-114-3 

79-114-4 

79-114-5 

79-114-6 

DEPTH 

(Ft  ) 

0.0-10.8 

11.5-25.0 

25.0-40.7 

45.4-60.0 

60.0-76.0 

76.0-90.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.4 

Coarse  Sand 

(1.0-0. 5  mm) 

6.9 

Medium  Sand 

(0.5-0.25  mm) 

24.0 

Fine  Sand 

(0.25-0.10  mm) 

29.7 

Very  Fine  Sand 

(0.10-0.05  mm) 

8.1 

TOTAL  SAND 

(2.0-0.05  mm) 

69.1 

3.7 

1.5 

69.3 

SILT 

(0.05-0.002  mm) 

17.0 

83.9 

68.6 

10.0 

CLAY 

(  0.002  mm) 

13.9 

12.4 

29.9 

20.7 

TEXTURAL  CLASS  (LAB) 

SL 

SiL 

SiCL 

SCL 

BULK  DENSITY 

(g/cm3) 

HYDRAULIC  CONDUCTIVITY 

( in/hr ) 

6th  Hr. 

0.55 

0.04 

0.06 

0.00 

0.00 

0.00 

24th  Hr. 

0.47 

0.04 

0.08 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

22 

29 

32 

34 

34 

44 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

1/3  bar 

15  bar 

SOIL  REACTION -pH 

1:5  H2O 

8.4 

7.5 

8.4 

9.1. 

9.6 

9.6 

1:2  0.01  M  CaCl2 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

Ca  CO^  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

0.0 

+1.7 

+2.6 

+8.7 

+12.2 

+14.0 

SATURATION  EXTRACT 

Saturation  Percentage 

33.7 

63.5 

67.1 

57.3 

48.6 

79.5 

ECe@  25  C 

(mmhog/cm) 

1.1 

4.1 

3.1 

2.8 

2.4 

2.6 

Ca-H- 

(me/1) 

4.67 

15.04 

1.15 

5.60 

0.38 

0.38 

Mg++ 

(me/l) 

1,18 

10.49 

0.45 

3.44 

0.18 

0.18 

Na-t 

(me  / 1 ) 

6.12 

23.00 

26.50 

23.10 

23.60 

26.30 

K+ 

(me/1) 

0.19 

1.69 

0.56 

1.61 

0.28 

0.35 

CO  3- 

0.00 

0.00 

0.00 

0.00 

0.00 

0.15 

HC03- 

(me/l) 

6.31 

6.87 

7.15 

7.46 

11.60 

14.66 

Cl- 

(me/1) 

0.55 

0.78 

0.28 

0.28 

0.25 

0.21 

so  4- 

(me/l) 

3.37 

39.77 

19.47 

23.36 

11.90 

11.85 

NO  3- 

(me/l) 

0.04 

0.02 

<0.03 

<0.02 

<0.03 

<0.03 

SAR 

3.6 

6.4 

30.0 

11.0 

32.0 

50.0 

Na 

(me/lOOg) 

0.21 

1.46 

1.78 

1.32 

1.15 

2.09 

Ca-tMg 

(me/lOOg) 

0.20 

1.62 

0.11 

0.52 

0.03 

0.04 

1:5  EXTRACT 

FC53  25“C 

(mmhos / cm) 

0.2 

0.7 

0.6 

0.4 

0.4 

0.7 

Ca+Mg 

(me/l) 

1.19 

2.33 

0.90 

1.12 

1.03 

1.88 

EXCHANGEABLE  SODIUM 

(percent) 

3.8 

3.6 

3.4 

31.0 

42.0 

42.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

10.7 

17.5 

16.9 

19.3 

19.1 

23.8 

NaOAc@pH  8.2 

BORON 

(mg/ 1) 

DETERMINATION 


DATA  (mg/1) 


Laboratory  Numbo-*- 
Snck  Number 
Doptb 

ALUMINUM 

SILVER 

ARSENIC 

BORON 

BARIUM 

BERYLLIUM 

CADMIUM  \ 

COBALT 

CHROMIUM 

COPPER 

IRON 

MERCURY 

LITHIUM 

MANGANESE 

MOLYBDENUM 

NICKEL 

PHOSPHOROUS 

LEAD 

STRONTIUM 

SELENIUM 

VANADIUM 

ZINC 


A1 

Ag 


Ba 

Be 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Li 

Mn 

Mo 

Ni 

P 

Pb 

Sr 

Se 

V 

Zn 


14,484  14,485  14,486  14,487  14,488  14,489 

79-114-1  79-114-2  79-114-3  79-114-4  79-114-5  79-114-6 


0.3 


0.02 


1.3 


0.16 


1.5 


0.16 


1.4 

114.0 


26.0 


10.0 

326.0 


32.0 


11.0 

226.0 


50.0 


1.6 


0.12 


4.6 

64.0 


5.4 


1.5 


0.08 


2.5 


0.14 


2.4 

112.0 


10.0 


12.0 

154.0 


26.0 


4.4 


5.0 


8.0 


4.0 


4.6 


6.0 


2.2 


10.0 


10.0 


4.2 


3.2 


5.2 


V 
— ♦» 

po 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 

Geologic  Core  Analysis  (cont.) 
DH-79- 114 


Studv  Area:  Rattlesnake  Butte 

Relief : 

Stoniness : 

Parent  Material? 

Elevation: 

Slope  Aspect: 

Drainage : 

Soil  Classification: 

Climate : 


Vegetation: 


Ground  Water: 


Land  Use: _  Erosion: _  Land  Form: _  Profile  Description  By: _ Date: 


laboratory 

DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Number 

14,490 

14,491 

Laboratory'  Number 

14,490 

14,491 

Sack  Number 

79-114-7 

79-114-8 

Sack  Number 

79-114-7 

79-114-8 

Dopth 

DEPTH 

(  Ft) 

101.0-121 

4  123.5-134.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

Coarse  Sand 

(1.0-0. 5  mm) 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

Fine  Sand 

(0.25-0.10  mm) 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

TOTAL  SAND 

(2.0-0.05  mm) 

19.5 

41.1 

BORON 

B 

2.0 

1.3 

SILT 

(0.05-0.002  mm) 

53.7 

38.2 

CLAY 

(  0 . 002  mm) 

26.8 

20.7 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

SiL 

L 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.00 

0.00 

CADMIUM 

Cd 

0.22 

0.10 

24th  Hr. 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

108 

132  : 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

11.0 

5.2 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

216.0 

72.0 

1:5  H2O 

9.8 

9.9 

1:2  0.01  _M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  COq  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+14.8 

+16.1 

MANGANESE 

Mn 

24.0 

6.0 

SATURATION  EXTRACT 

Saturation  Percentage 

104.9 

93.5 

MOLYBDENUM 

Mo 

ECe@  25  C 

(mmhos/ cm) 

2.0 

1.7 

Ga-H- 

(me/1) 

0.27 

0.16 

NICKEL 

Ni 

Mg++ 

(me/1) 

0.09 

0.09 

Na+ 

(me/1) 

20.70 

17.10 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.21 

0.14 

CO  3- 

(me/l) 

0.20 

0.05 

LEAD 

Pb 

7.6 

4.8 

HCO3- 

(me/1) 

13.45 

11.18 

Cl- 

(me/1) 

0.11 

0.21 

STRONTIUM 

Sr 

so  4- 

(me/1) 

4.58 

4.78 

NO  3- 

(me/ 1) 

0.14 

0.14 

SELENIUM 

Se 

SAR 

(me/1) 

49.0 

48.0 

Na 

(me/lOOg) 

2.17 

1.60 

VANADIUM 

V 

Ca+Mg 

(me/lOOg) 

0.04 

0.02 

1:5  EXTRACT 

ZINC 

Zn 

9.0 

5.4 

EC5@  25uC 

(mmhos /cm) 

0.8 

0.6  | 

Ca+Mg 

(me/1) 

2.26 

2.63 

EXCHANGEABLE  SODIUM 

(percent) 

51.0 

70.0  j 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/ lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

20.5 

16.5 

NaOAc@pH  8.2 

_ 

BORON 

(  mg  / 1 ) 
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MISSOURI  SOURIS  PROJECTS  OFFICE 
SOIL  AND  WATER  LABORATORY 
Water  and  Power  Resources  Service 
BISMARCK,  NORTH  DAKOTA 
Geologic  Core  Analysis 
DH-79-115 


Study  Area:  Rattlesnake  Butte 


Relief 


Stoniness : 


Parent  Material: 


Location.  Sec. _ Twp. _ Range 


Elevation : 


Soil  Series: 


Slope  Aspect: 


Drainage: 


Soil  Classification: 


Climate : 


Vegetation: 


Ground  Water: 


Land  Use: 


Eros  ion : 


Land  Form: 


Profile  Description  By: 


.Date : 


LABORATORY 

1  DESCRIPTION 

DETERMINATION 

DATA  (mg/1) 

DETERMINATION 

DATA 

Laboratory  Numbf** 

14,492 

14,493 

14,494 

14,495 

14,496 

14,497 

La  bora  tor}'  Number 

14,492 

14,493 

14,494 

14,495 

14,496 

14,497 

Sack  Number 

79*115-1 

79-115-2 

79-115-3 

79-115-4 

79-115-5 

79-115-6 

Sack  Number 

79-115-1 

79-115-2 

79-115-3 

79-115-4 

79-115-5 

79-115-6 

Depth 

DEPTH 

ft ) 

0.0-20.0 

20.0-44.4 

44.8-55.5 

58.2-80.0 

80.0-100.0 

100.0-124.5 

PARTICLE  SIZE  ANALYSIS 

(percent) 

ALUMINUM 

A1 

Very  Coarse  Sand 

(2. 0-1.0  mm) 

0.2 

0.3 

0.2 

0.4 

0.2 

Coarse  Sand 

(1.0-0. 5  mm) 

0.5 

2.3 

0.6 

1.5 

0.5 

SILVER 

Ag 

Medium  Sand 

(0.5-0.25  mm) 

3.0 

27.3 

11.8 

11.9 

1.9 

Fine  Sand 

(0.25-0.10  mm) 

37.3 

47.3 

38.9 

61.6 

19.1 

ARSENIC 

As 

Very  Fine  Sand 

(0.10-0.05  mm) 

18.3 

4.5 

12.2 

7.1 

35.2 

TOTAL  SAND 

(2.0-0.05  mm) 

59.3 

81.4 

29.4 

63.7 

82.5 

56.9 

BORON 

B 

1.3 

0.5 

1.6 

1.9 

1.4 

2.0 

SILT 

(0.05-0.002  mm) 

23.9 

9.4 

55.3 

22.8 

8.6 

29.7 

CLAY 

(  0.002  mm) 

16.8 

9.2 

15.3 

13.5 

8.9 

13.4 

BARIUM 

Ba 

TEXTURAL  CLASS  (LAB) 

FSL 

LS 

SiL 

FSL 

LFS 

VFSL 

BULK  DENSITY 

(g/cm3) 

BERYLLIUM 

Be 

HYDRAULIC  CONDUCTIVITY 

(in/hr) 

6th  Hr. 

0.04 

1.38 

0.98 

0.00 

0.00 

0.00 

CADMIUM 

Cd 

0.10 

0.06 

0.14 

0.08 

0.06 

0.14 

24th  Hr. 

0.04 

1.30 

0.98 

0.00 

0.00 

0.00 

SETTLING  VOLUME 

(ml) 

30 

22 

26 

37 

38 

33 

COBALT 

Co 

MOISTURE  RETENTION 

(percent) 

1/10  bar 

CHROMIUM 

Cr 

1/3  bar 

15  bar 

COPPER 

Cu 

4.0 

0.8 

8.4 

4.8 

1.8 

4.2 

SOIL  REACTION -pH 

Paste 

IRON 

Fe 

80.0 

98.0 

176.0 

68.0 

190.0 

160.0 

1:5  H2O 

9.4 

9.4 

9.1 

10.0 

10.1 

10.0 

1:2  0.01  M_CaCl2 

MERCURY 

Hg 

ORGANIC  CARBON 

(percent) 

AVAILABLE  PHOSPHORUS 

(ppm) 

LITHIUM 

Li 

Ca  CO'*  EQUIVALENT 

(percent) 

GYPSUM  REQUIREMENT 

(me/lOOg) 

+2.0 

+1.3 

+5.3 

+9.8 

+7.2 

+11.2 

MANGANESE 

Mn 

8.2 

24.0 

30.0 

3.8 

7.2 

14.0 

SATURATION  EXTRACT 

Saturation  Percentage 

40.4 

32.7 

61.2 

43.6 

33.7 

50.1 

MOLYBDENUM 

Mo 

ECe<?  25  C 

(mmhos/ cm) 

1.6 

1.1 

2.9 

2.9 

3.9 

5.0 

Ca-H- 

(  me  / 1 ) 

1.54 

0.88 

1.59 

0.46 

0.27 

0.49 

NICKEL 

Ni 

Mg++ 

(me/1) 

2.08 

0.90 

1.27 

0.27 

0.09 

0.36 

Na+ 

(me/l) 

13.50 

8.42 

24.50 

31.40 

41.60 

52.80 

PHOSPHOROUS 

P 

K+ 

(me/1) 

0.37 

0.28 

0.65 

0.25 

0.28 

0.53 

CO  3- 

(me/l) 

0.00 

0.00 

0.00 

0.00 

2.25 

0.65 

LEAD 

Pb 

15.0 

1.8 

5.6 

5.2 

3.2 

3.6 

HCO  3“ 

(me/1) 

8.06 

4.44 

9.98 

10.00 

17.06 

24.59 

Cl- 

(me/l) 

0.46 

0.78 

0.23 

0.23 

0.32 

0.24 

STRONTIUM 

Sr 

SO  A- 

(me/l) 

7.16 

4.17 

14.57 

18.74 

21.22 

25.92 

NO  3- 

(me/l) 

<0.03 

0.28 

<0.03 

0.13 

0.97 

0.09 

SELENIUM 

Se 

SAR 

.  (me/l) 

10.0 

8.9 

20.0 

77.0 

98.0 

81.0 

Na 

(me/lOOg) 

0.55 

0.27 

1.50 

1.37 

1.40 

2.64 

VANADIUM 

V 

CaJMg 

(me/lOOg) 

0.14 

0.06 

0.18 

0.04 

0.04 

0.04 

1:5  EXTRACT 

ZINC 

Zn 

3.6 

3.0 

6.0 

3.2 

6.8 

5.4 

F.C5@  25uC 

(mmhos / cm) 

0.3 

0.2 

0.5 

0.5 

0.7 

0.9 

Ca+Mg 

(me/l) 

1.48 

1.02 

0.75 

1.16 

1.04 

0.85 

EXCHANGEABLE  SODIUM 

(percent) 

9.3 

21.0 

17.0  , 

62.0 

50.0 

78.0 

ACIDITY 

IN  KCL  exchange  acidity 

Total 

(me/lOOg) 

A1+-H- 

(me/lOOg) 

CATION  EXCHANGE  CAPACITY 

(me/lOOg) 

12.8 

8.4 

19.0 

10.4 

7.4 

11.9 

NaOAc@pH  8.2 

BORON 

(mg/l) 

Table  45 


Table  46 


Criteria  Used  to  Determine  Suitability  of  Bedrock  Material 
For  Use  as  Plant  Media  in  Revegetation  _!/ 


Methodology 

Pipette  method  plus  sand 
sieving 

Suitable 

Limited  Suitability 

Unsuitable 

Texture 

FSL,  VFSL,  L,  Sil,  SCL 

LFS ,  SL,  CL,  SiCL,  SC 

S,  LS,  SiC,  C 

Electrical  Conductivity 
(mmhos/cm) 

Saturation  extract/ 
conductivity  bridge 

<4 

4-12 

>12 

pH 

Saturated  paste/  glass 
electrode 

6. 0-8. 4 

5. 0-6.0; 

8. 4-9.0 

<5.0; 

>  9.0 

Sodium  Adsorption  Ratio 
(SAR) 

Calculate:  Na/  \/Ca4Mg/ 2 ; 
Ca,Mg,  and  Na  in  meq/1 

<6 

6-9  heavy  textures 

6-12  medium  and  coarse 

textures 

>  9  -  heavy  texturi 
>  12  -  medium  and  0 
textures 

Exchangeable  Sodium 
Percentage  (ESP) 

Ammonium  acetate  ex¬ 
traction;  calculate: 

Na/CEC  x  100% 

<5 

5-15 

>  15—/ 

Boron  (mg/1) 

Hot  water  extraction/ 
carmine  method 

<5 

>5 

Selenium  (mg/1) 

Hydride  generation; 
flameless  AA 

<2 

>2 

Molybdenum  (mg/1) 

Ammonium  oxalate  ex¬ 
traction;  flameless  AA 
or  N2O  flame  AA-5000 

<1 

>1 

Copper  (mg/1) 

DTPA  extraction;  AA 

3, / 

3, / 

Manganese  (mg/1) 

DTPA  extraction;  AA 

<60 

>60 

Zinc  (mg/1) 

DTPA  extraction;  AA 

<40 

>40 

Lead  (mg/1) 

DTPA  extraction;  AA 

10-15  CpH  <6) 

15-20  (pH  >6) 

>  15  (pH  <  6) 
.>  20  (pH  >6) 

Cadmium  (mg/1) 

DTPA  extraction;  AA 

<1 

>1 

Nickel  (mg/1) 

DTPA  extraction;  AA 

2-3 

>3 

Mercury  (mg/1) 

Extraction  by  ^SO^; 
flameless  AA  (quartz 
cell) 

<0.5 

>  0.5 

Iron  (mg/1)  -  Not  Established 

Nitrate-Nitrogen  (mg/1)  -  Not  Established 


1/  Applicable  only  to  reclamation  study  areas  in  Montana  and  North  Dakota. 

2 J  Rate  2:1  -  Clay  texture  poor  if  >10,  sand  texture  if  >20. 

_3 /  Suspect  level  not  established  -  an  excessive  consumption  of  molybdenum  through  injestation  of  vegetation  may  be  toxic  to  animals.  This  concern 
is  directly  related  to  the  Cu:Mo  ratio  in  the  plant  tissue. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  78-101 


Depth  (ft) 

Suitability 

Limiting  Factor(s) 

0.0-20.0 

Css, Sh 

Unsuitable 

%  clay,  saline,  cadmium 

20.0-40.0 

Sh 

Unsuitable 

%  clay,  sodic 

40.0-67.0 

SiSs,  Sh 

Unsuitable 

Sodic,  pH 

67.0-80.0 

SiSs 

Unsuitable 

Sodic,  pH 

80.0-103.4 

Sh 

Unsuitable 

Sodic,  pH 

103.4-122.9 

Ss 

Unsuitable 

Sodic,  pH 

122.9-132.6 

Sh 

Unsuitable 

%  clay,  sodic,  pH 

149.9-165.3 

Sh 

Unsuitable 

Sodic,  pH 

165.3-185.0 

Ss 

Unsuitable 

Sodic,  pH 

185.0-205.2 

Ss 

Unsuitable 

Sodic,  pH 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  78-102 


Depth  (ft) 

TyPe 

Suitability 

Limiting  Factor(s' 

0.0-25 

Sh 

Limited 

Saline,  sodic 

25.0-48.7 

Sh 

Unsuitable 

Sodic 

60.8-83.0 

Sh,  S  Sist 

Unsuitable 

Sodic,  pH 

83.0-98.0 

Sh,  S  Sist 

Unsuitable 

Sodic,  pH 

98.0-112.8 

S  Sist 

Unsuitable 

Sodic,  pH 

112.8-129.5 

Ss 

Unsuitable 

Sodic,  pH 

129.5-159.9 

Sh,  Ssh 

Unsuitable 

Sodic,  pH 

164.3-174.9 

SiSs 

Unsuitable 

Sodic,  pH 

174.9-195.0 

Sh 

Unsuitable 

Sodic,  pH 

195.0-217.7 

Sh 

Unsuitable 

%  clay,  sodic,  pH 

217.7-245.6 

Ss 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-103 


Depth  (ft) 

Type 

Suitability 

Limiting  Factor(s' 

0.0-17.0 

Ss,  Css,  Sh 

Limited 

Saline,  sodic 

18.5-40.0 

Sh 

Unsuitable 

Sodic 

40.0-55.0 

Ssh 

Unsuitable 

Sodic,  pH 

57.5-79.0 

Css,  Sh,  Cbsh 

Unsuitable 

%  clay,  sodic,  pH 

90.0-105.0 

Cbsh,  Ssh 

Unsuitable 

Sodic,  pH 

105.0-133.7 

Ss 

Limited 

%  Sand,  sodic 

134.2-140.2 

Cbsh,  Sh 

Unsuitable 

Sodic 

140.2-154.0 

Sh 

Unsuitable 

Sodic,  pH 

154.0-174.7 

Css,  Sh 

Unsuitable 

Sodic,  pH 

176.7-194.5 

Sh ,  Ss 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-104 


Depth  (ft) 

Type 

Suitability 

Limiting  Factor (s) 

0.0-33.5 

Ss 

Unsuitable 

1/ 

33.5-42.2 

Cbsh,  Sish 

Suitable 

— 

43.0-54.5 

Sh 

Suitable 

— 

54 , 5-66 . 0 

Ssh,  Ss 

Unsuitable 

Sodic 

68.5-84.0 

Ss ,  Sh 

Unsuitable 

Sodic 

85.3-94.5 

Sh 

Unsuitable 

Sodic 

103.0-111.1 

Sh 

Unsuitable 

Sodic 

113.3-120.0 

Sh 

Unsuitable 

Sodic 

1/  Unsuitable  designation  was  applied  due  to  a  very  high  level  of  lead  an 
_  a  high  level  of  zinc  after  two  lab  runs.  Both  levels  correlated  poorly 
with  the  levels  found  in  similar  strata;  therefore,  they  are  questionable. 
All  other  physical  and  chemical  properties  of  this  material  were  favorable 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation- 


Rattlesnake  Butte 

Study  Area 

Bedrock  Core  DH 

-  79-105 

Depth  (ft) 

Ty.p.e 

Suitability 

Limiting  Factor(s' 

0.0-20.5 

Sish 

Unsuitable 

Sodic 

20.5-29.5 

Ssh,  Sh 

Unsuitable 

Sodic 

30.7-37.9 

Sh 

Unsuitable 

Sodic 

49.2-57.1 

Css 

Unsuitable 

Sodic 

58.1-65.1 

Ssh 

Unsuitable 

Sodic, 

pH 

67.8-77.0 

Ssh 

Unsuitable 

Sodic , 

pH 

77.0-95.0 

Ss 

Unsuitable 

Sodic, 

pH 

95.0-115.0 

Ss 

Unsuitable 

Sodic, 

pH 

115.0-135.0 

Ss 

Unsuitable 

Sodic, 

pH 

135.0-144.6 

Ss 

Unsuitable 

Sodic , 

PH 

144.9-159.4 

Sh,  Ss 

Unsuitable 

Sodic, 

pH 

159.4-172.0 

Sh 

Unsuitable 

Sodic, 

pH 

172.4-180.5 

Sh ,  Ss 

Unsuitable 

Sodic, 

pH 

180.5-192.5 

Sh,  Ssh 

Unsuitable 

Sodic, 

pH 

192.5-233.0 

Sh 

Unsuitable 

%  clay 

,  sodic,  pH 

321.3-244.5 

Ssh 

Unsuitable 

Sodic, 

PH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 


Rattlesnake  Butte 
Bedrock  Core  DH 


Depth  (ft) 

lY£e 

0.0-22.0 

Sish 

23.5-44.5 

Sish 

44.5-63.0 

Sh 

63.0-80.0 

Ssh 

80.0-96.5 

Ssh 

108.2-118.0 

Sh 

118.0-129.5 

Css,  Sh 

129.7-146.7 

S  Sist 

149.7-169.0 

Ss 

169.0-198.7 

Ss 

208.2-224.5 

Ssh 

Study  Area 
-  79-106 


Suitability 

Limiting  Factor(s) 

Limited 

%  clay,  saline,  sodi 

Unsuitable 

Sodic 

Unsuitable 

%  clay,  sodic 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

%  clay,  sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-107 


Depth  (ft) 

Ty.Pe 

Suitability 

Limiting  Factor(s) 

0.0-19.2 

Ss 

Unsuitable 

2/ 

19.7-40.0 

Ssh 

Unsuitable 

%  clay 

40.0-52.8 

Ssh 

Limited 

Saline 

52.8-65.8 

Css 

Unsuitable 

Sodic 

65.8-80.0 

Ssh 

Unsuitable 

Sodic,  pH 

80.0-96.2 

Ssh 

Unsuitable 

Sodic,  pH 

97.8-120.0 

Sh 

Unsuitable 

Sodic,  pH 

120.0-138.7 

Sh 

Unsuitable 

Sodic,  pH 

149.3-166.5 

Sh 

Unsuitable 

Sodic,  pH 

166.5-181.1 

Css,  Sh 

Unsuitable 

Sodic,  pH 

183.5-187.2 

Cbsh 

Unsuitable 

Sodic 

194.7-213.5 

Cbsh,  Ss 

Unsuitable 

Sodic,  pH 

2/  Unsuitable  designation  was  applied  due  to  a  very  high  level  of  lead 
(after  two  lab  runs) .  This  level  correlated  very  poorly  with  lead 
levels  of  similar  strata;  therefore,  it  is  questionable.  All  other 
physical  and  chemical  properties  of  this  material  were  favorable. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-108 


Depth(f t) 

TZPe 

Suitability 

Limiting  Factor(s) 

0.0-20.0 

Sh 

Unsuitable 

Sodic,  lead  (Pb) 

21.0-36.3 

Css,  Sh 

Unsuitable 

%  clay,  sodic 

37.0-47.7 

Sh,  Css 

Unsuitable 

Sodic,  pH 

48.9-63.7 

Ssh 

Unsuitable 

Sodic,  pH 

63.7-84.0 

Ss 

Unsuitable 

%  Sand,  sodic,  pH 

84.0-103.8 

Ss 

Unsuitable 

%  Sand,  sodic,  pH 

114.7-130.0 

Sish 

Unsuitable 

Sodic,  pH 

130.0-142.0 

Sish 

Unsuitable 

Sodic,  pH 

142.0-147.8 

Sh 

Unsuitable 

%  clay,  sodic,  pH 

148.5-158.9 

Sh,  Cbsh 

Unsuitable 

Sodic,  pH 

158.9-170.0 

Sish 

Unsuitable 

Sodic,  pH 

170.0-192.0 

C-Cb  Ss 

Unsuitable 

Sodic 

194.9-201.3 

Css 

Unsuitable 

Sodic,  pH 

202.5-213.3 

Sh,  Css 

Unsuitable 

Sodic,  pH 

220.5-234.5 

Css,  Cbsh 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-109 


Depth  (ft) 

Ty.p.£ 

Suitability 

Limiting  Factor(s' 

0.0-16.0 

Sh 

Unsuitable 

%  clay,  sodic 

16.9-25.8 

Cbsh,  Css,  Sh 

Unsuitable 

Sodic,  pH 

29.5-46.5 

Sh 

Unsuitable 

%  clay,  sodic,  pH 

46.5-57.5 

Ssh,  Ss,  Sh 

Unsuitable 

Sodic,  pH 

70.0-91.8 

Sh 

Unsuitable 

%  clay,  sodic,  pH 

94.2-116.1 

Css,  Sh 

Unsuitable 

Sodic,  pH 

119.7-137.5 

Ssh,  Css 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-110 


Depth  (ft) 

lXP.e 

Suitability 

Limiting  Factor(s) 

0.0-20.0 

Sh,  SiSs,  Ssh 

Limited 

Saline,  sodic 

20.0-40.0 

Ssh 

Unsuitable 

Sodic 

40.0-64.8 

Ssh 

Unsuitable 

Sodic,  pH 

76.2-90.0 

Ssh 

Unsuitable 

Sodic 

90.0-107.5 

Ssh 

Unsuitable 

Sodic 

109.3-125.0 

Sh 

Unsuitable 

Sodic 

125.0-136.2 

Sh,  Css 

Unsuitable 

Sodic,  pH 

149.0-164.5 

Ssh 

Unsuitable 

Sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-111 


Depth  (ft) 

TyPe 

Suitability 

Limiting  Factor (s) 

0.0-20.3 

Sh 

Unsuitable 

Sodic 

28.7-34.5 

Css, 

Ssh 

Unsuitable 

Sodic 

34.5-55.0 

Ss 

Limited 

Sodic 

55.0-75.0 

Ss 

Suitable 

-■ 

75.0-100.0 

Ss 

Unsuitable 

Sodic 

100.0-124.5 

Ss 

Unsuitable 

Sodic,  pH 

124.5-147.0 

Cbsh, 

Ssh 

Unsuitable 

Sodic,  pH 

149.4-159.0 

Sh 

Unsuitable 

Sodic,  pH 

175.0-184.5 

Cbsh, 

Css 

Unsuitable 

%  clay,  sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-112 


Depth  (ft) 

Type 

0.0-17.0 

Ss 

17.0-34.3 

Ss 

38.9-58.0 

Sh 

58.0-68.0 

Cbsh 

68.0-78.5 

Sh 

78.5-99.2 

Cbsh, 

Ss , 

99.2-119.5 

Ss 

119.5-138.5 

Sh 

145.0-165.0 

Cbsh, 

Sh 

165.0-181.8 

Sh,  Css 

182.0-204.5 

Ss 

Suitability 

Limiting  Factor (s) 

Suitable 

Suitable 

- 

Limited 

Saline,  sodic 

Unsuitable 

%  clay,  sodic 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-113 


Depth  (ft) 


Ty^e 


Suitability  Limiting  Factor(s) 


0.0-28.5 

Css,  Sh 

Unsuitable 

Sodic 

28.5-53.0 

Ssh 

Unsuitable 

Sodic, 

pH 

63.0-86.8 

Sh 

Unsuitable 

Sodic, 

pH, 

87.6-98.8 

Sh,  Ss 

Unsuitable 

Sodic, 

pH 

102.6-113.1 

Sh 

Unsuitable 

Sodic, 

pH 

113.5-127.6 

Sh,  Ss 

Unsuitable 

Sodic, 

pH 

129.0-143.0 

Css 

Unsuitable 

Sodic , 

pH 

143.0-160.0 

Ss 

Unsuitable 

Sodic, 

pH 

160.0-174.5 

Ss 

Unsuitable 

Sodic, 

pH 

174.5-200.5 

Ss 

Unsuitable 

Sodic, 

pH 
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Suitability  of 

Bedrock  Material  for  Use  as  Plant  Media 

Rattlesnake  Butte  Study  Area 

Bedrock  Core  DH  -  79-114 

in  Revegetation  - 

Depth  (ft) 

TyPe 

Suitability 

Limitig  Factor (s) 

0.0-10.8 

Css 

Suitable 

— 

11.5-25.0 

Sh 

Limited 

Saline 

25.0-40.7 

Sh 

Unsuitable 

Sodic 

45.4-60.0 

Css 

Unsuitable 

Sodic 

60.0-76.0 

Css 

Unsuitable 

Sodic,  pH 

76.0-90.5 

Sh 

Unsuitable 

Sodic,  pH 

101.0-121.4 

Ssh 

Unsuitable 

Sodic,  pH 

123.5-134.5 

Ssh, 

Unsuitable 

Sodic,  pH 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation  - 

Rattlesnake  Butte  Study  Area 
Bedrock  Core  DH  -  79-115 


Depth  (ft) 

T£2£ 

Suitability 

Limiting  Factor( 

0.0-20.0 

Ss 

Limited 

Sodic 

20.0-44.4 

Ss 

Unsuitable 

%  sand 

44.8-55.5 

Ssh 

Unsuitable 

Sodic 

58.2-80.0 

Ssh,  Ss 

Unsuitable 

Sodic, 

PH 

80.0-100.0 

Ss 

Unsuitable 

Sodic, 

pH 

100.0-124.5 

Ss 

Unsuitable 

Sodic, 

PH 

« 

* 
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Established  Series 
Rev.  FVW-GBM 
11/16/78 


ARNEGARD  SERIES 

The  Arnegard  series  consists  of  deep,  well  drained  soils  that  formed  in  calcareous  loamy 
alluvium  on  upland  swales,  fans  and  footslopes.  Permeability  is  moderate.  Slopes,  range  from  0  to  9 
percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitation  is  14  inches. 

Taxonomic  Class:  Fine-loamy,  mixed  Pachic  Hapl oborol Is  . 

Typical  Pedon:  Arnegard  loam  -  cultivated.  (Colors  are  for  dry  soil  unless  otherwise 
stated . ) 

Ap--0  to  11  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark  brown  (10YR  2/2)  moist;  weak 
coarse  and  medium  subangular  blocky  structure  parting  to  weak  fine  granular;  very  friable;  many 
roots;  neutral;  clear  wavy  boundary.  (8  to  18  inches  thick) 

B21--11  to  17  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  coarse  and  medium  prismatic  structure  parting  to  moderate  fine  subangular  blocky;  few 
thiD  clay  films  on  faces  of  peds;  common  roo-ts;  common  pores;  neutral;  gradual  wavy  boundary. 

B22--17  to  25  inches;  grayish  brown  (10YR  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist; 
moderate  medium  prismatic  structure  parting  to  moderate  medium  and  fine  angular  blocky;  friable; 
few  thin  clay  films  on  faces  of  peds;  few  roots;  common  pores;  neutral;  clear  wavy  boundary'. 
(Combined  thickness  of  the  B2  horizon  is  8  to  30  inches.) 

B3--25  to  32  inches;  grayish  brown  (2.5Y  5/2)  loam,  very  dark  grayish  brown  (2.5Y  3/2)  moist; 
weak  coarse  prismatic  structure  parting  to  weak  coarse  and  medium  subangular  blocky;  friable; 
neutral;  clear  wavy  boundary.  (0  to  10  inches  thick) 

Clca--32  to  45  inches;  light  brownish  gray  (2.5Y  6/2)  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  weak  coarse  and  medium  subangular  blocky  structure;  friable;  few  roots;  few  fine  pores;  soft 
bodies  of  segregated  lime;  strong  effervescence;  moderately  alkaline;  gradual  wavy  boundary.  (7  to 
16  inches  thick) 

C2--45  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light  olive  brown  (2.5Y  5/4)  moist; 
very  weak  coarse  and  medium  subangular  blocky  structure;  friable;  strong  effervescence;  moderately 
alkaline . 

Type  Location:  McKenzie  County',  North  Dakota;  300  feet  east  of  the  NW  corner  of  sec.  14,  T. 
150  N.,  R.  101  W. 

Range  in  Characteristics:  The  solum  thickness  ranges  from  20  to  58  inches.  The  mollic 
epipedon  ranges  from  16  to  more  than  30  inches  in  thickness  and  includes  all  or  part  of  the  B 
horizon.  The  soil  typically  has  segregated  or  finely  divided  carbonates  within  depths  of  40  inches 
but  ranges  to  as  deep  as  60  inches. 

The  A  horizon  has  hue  of  10YR,  value  of  3  or  4  and  2  or  3  moist,  and  chroma  of  2.  It  is  loam  or 
silt  loam  and  is  slightly  acid  or  neutral.  Some  pedons  have  B1  horizons. 

The  B2  horizon  has  hue  of  10YR  or  2.5Y,  value  of  2  to  4  moist,  and  chroma  of  2  or  3.  It  is 
loam,  silt  loam  or  light  clay  loam  containing  less  than  30  percent  clay.  It  is  neutral  or  mildly 
alkaline. 

The  Cca  horizon  has  hue  of  2.5Y  or  10YR,  value  of  5  to  7  dry  and  4  or  5  moist,  and  chroma  of  2 
to  4.  It  is  typically  loam  but  includes  fine  sandy  loam  to  clay  loam.  It  is  mildly  or  moderately 
al kal ine . 

The  C  horizon  has  hue  of  2.5Y  or  10YR,  value  of  5  to  7  dry  and  4  or  5  moist,  and  chroma  of  2  to 
4.  It  ty'pically  is  loam  but  includes  loamy  fine  sand,  fine  sandy  loam  and  clay  loam.  It  is  neutral 
to  moderately  alkaline. 
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A.R  REGARD  SF.R1F.S--2 

Competing  Series.  These  are  the  Falkirk,  Garza,  Roseglen  and  Shawa  series  in  the  same  family 
and  the  Bowbel 1 s ,  Bowdle,  Goshen,  Grail,  Grassria,  Mandan,  Onita,  Parshal],  Shambo,  Straw  and  Svea 
series.  Falkirk  soils  have  gravelly  loam  11C  horizons  and  glacial  till  within  depths  of  40  inches. 
Carza  soils  lack  cambic  horizons.  Roseglen  soils  contain  less  sand  and  have  formed  in  lacustrine 
sediments .  Shawa  soils  lack  B  horizons  and  formed  in  alluvium  primarily  from  igneous  rocks. 
Fowbells  soils  have  argillic  horizons.  Bowdle  soils  are  fine-loamy  over  sandy  or  sandy-skeletal. 
Goshen  and  Onita  soils  have  argillic  horizons  and  warmer  climates.  Grail  soils  have  f ine-textured 
argillic  horizons.  Grassna  soils  are  fine-silty.  Mandan  soils  are  coarse-silty.  Parshall  soils 
are  coa rse- 1 oamy .  Shambo  soils  have  mollic  epipedons  less  than  16  inches  thick.  Straw  soils 
contain  carbonates  throughout  and  are  stratified.  Svea  soils  have  wetter  climates. 

Geographic  Setting:  Arnegard  soils  are  on  upland  swales,  fans  and  footslopes  on  the  residual 
plains  and  glacial  till  plains.  They  formed  in  mixed  loamy  alluvium  from  calcareous  sedimentary  - 
rock  and  glacial  till.  Slopes^typi  cally  are  1  or  2  percent  but  range  from  0  to  9  percent.  The  mean 
annual  temperat ure  is  3S  to  45  F,  and  the  mean  annual  precipitation  is  12  to  16  inches,  most  of 
which  falls  during  spring  and  summer. 

Geographically  Associated  Soils:  These  are  the  Amor,  Farland,  Grail,  Grassna,  Max,  Morton, 
Parshall,  Sen,  Shambo,  Temvik,  Vebar  and  Williams  soils.  Amo r,  Morton,  Sen  and  Veba r  soils  have 
thinner  mollic  epipedons  formed  in  residual  materials  and  are  on  nearby  convex  slopes.  Farland  and 
Sli3mbo  soils  have  thinner  mollic  epipedons  and  are  on  nearby  terraces.  Max,  Williams  and  Temvik 
soils  have  thinner  mollic  epipedons  and  formed  in  glacial  till.  Grail,  Grassna  and  Parshall  soils 
are  in  similiar  positions. 

Drainage  and  Permeability.  Well  drained.  Runoff  is  slow1  or  medium.  Permeability  is 
moderate . 


Use  and  Vegetation:  Most  areas  are  cropped  to  spring  wheat,  oats,  barley,  and  hay.  Native 
\  egetat  i  on  is  mid,  tall  and  short  grasses  such  as  western  w’heatgrass,  green  needlegrass  big 
bluestem  and  blue  grama. 

Distribution  and  Extent:  Arnegard  soils  are  extensive  and  are  in  western  North  Dakota 
eastern  Montana  and  northwestern  South  Dakota. 

Series  Established:  McKenzie  County,  North  Dakota,  1937. 

Remarks :  Soils  that  formed  in  loess  or  similiar  silty  materials  were  formerly  included  in  tbr 
Arnegard  series  but  now  are  placed  in  the  Grassna  series. 
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Established  Series 
Rev.  FWW-GBM 
6/18/79 


BE LFI ELD  SERIES 

The  Belfield  series  consists 
alkaline,  calcareous  residuum  and 
from  0  to  9  percent.  Mean  annual 
15  inches. 

Taxonomic  Class:  Fine,  montmorillonitic  Glossic  Natriborolls . 

Typical  Pedon:  Belfield  silty  clay  loam  with  a  1  percent  slope  in  native  grassland. 
(Colors  are  for  dry  soil  unless  otherwise  stated.) 

A1--0  to  9  inches;  grayish  brown  (10YR  5/2)  silty  clay  loam,  very  dark  grayish  brown 
(10YR  3/2)  moist;  moderate  medium  prismatic  structure  parting  to  moderate  very  fine  subangular 
blocky;  very  hard,  friable;  many  roots;  many  very  fine  pores;  common  uncoated  sand  grains  on  faces 
of  peds;  slightly  acid;  clear  wavy  boundary.  (5  to  15  inches  thick) 

A&B--9  to  12  inches;  light  brownish  gray  (2.5Y  6/2)  silty  clay  loam,  very  dark  grayish  brown 
(10YR  3/2)  moist;  moderate  medium  prismatic  structure  parting  to  weak  medium  platy  which  parts  to 
strong  very  fine  subangular  blocky;  very  hard,  friable;  many  roots;  many  very  fine  pores;  thin 
light  gray  (10YR  7/1)  uncoated  sand  grains  on  top  of  plates  and  discontinuous  on  bottom  of  plates; 
slightly  acid;  clear  smooth  boundary.  (2  to  5  inches  thick) 

B21t--12  to  17  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  very  dark  grayish  brown 
(2.5Y  3/2)  moist;  strong  medium  prismatic  structure  parting  to  strong  medium  and  fine  angular 
blocky;  extremely  hard,  friable;  common  roots;  many  very  fine  pores;  thin  continuous  clay  filas 
on  faces  of  peds;  common  uncoated  sand  grains  in  the  upper  part  and  few  in  the  lower  part; 
neutral;  clear  wavy  boundary. 

B22t--17  to  24  inches;  light  olive  brown  (2.5Y  5/4)  silty  clay  loam,  dark  grayish  brown 
(2.5Y  4/2)  moist;  moderate  medium  prismatic  structure  parting  t  moderate  medium  and  fine 
subangular  blocky;  very  hard,  friable;  few  roots;  many  fine  pores;  tnin  clay  films  of  olive  brown 
(2.5Y  4/3)  moist;  mildly  alkaline;  clear  wavy  boundary.  (Combined  thickness  of  the  B2t  is 
6  to  24  inches.) 

B3ca — 24  to  31  inches;  grayish  brown  (2.5Y  5/2)  silty  clay  loam,  dark  grayish  brown 
(2.5Y  4/2)  moist;  moderate  medium  prismatic  structure  parting  to  weak  medium  subangular  blocky; 
very  hard,  friable;  few  roots;  many  fine  and  very  fine  pores;  common  threads  of  soft  lime  masses; 
strong  effervescence;  moderately  alkaline;  clear  wavy  boundary.  (4  to  14  inches  thick) 

Clca — 31  to  43  inches;  light  brownish  gray  (2.5Y  6/2)  and  white  (2.5Y  8/2)  silty  clay  lows, 
dark  grayish  brown  (2.5Y  4/2)  and  light  brownish  gray  (2.4Y  6/2)  moist;  weak  medium  prismatic 
structure  parting  to  moderate  medium  subangular  blocky;  very  hard,  friable;  many  fine  pores;  naay 
threads  and  films  of  soft  masses;  violent  effervescence;  moderately  alkaline;  gradual  wavy 
boundary.  (0  to  22  inches  thick) 

C2 — 43  to  60  inches  light  olive  brown  (2.5Y  5/4)  clay  loam,  olive  brown  (2.5Y  4/4)  moist; 
massive;  very  hard,  friable;  many  fine  pores;  violent  effervescence;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  320  feet  west  and  235  feet  north  of  the  SE 
corner  of  the  SW1/4  of  sec.  36,  T.  137  N. ,  R.  98  W. 

Range  in  Characteristics:  The  mollic  epipedon  ranges  from  7  to  25  inches  in  thickness  aa4 

in  many  pedons  includes  all  or  part  of  the  B  horizon.  The  depth  to  free  carbonates  ranges  froa 

20  to  35  inches.  The  substratum,  below  depths  of  36  inches,  typically  is  alkaline  local  alluvium 
or  partly  weathered  siltstone,  soft  shales,  or  sandstone.  Some  pedons  have  A2  or  B&A  horizons. 

The  A  horizon  has  hue  of  10YR,  value  of  4  or  5  dry  and  2  or  3  moist  and  chroma  of  2.  It 

commonly  is  silt  loam  or  silty  clay  loam,  but  some  is  loam  or  clay  loam.  It  is  slightly  acid  or 

neutral. 


of  deep,  well  drained  slowly  permeable  soils  formed  in 
alluvium  on  uplands,  terraces,  and  in  swales.  Slope  ranges 
temperature  is  43  F,  and  mean  annual  precipitation  is 
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The  B2t  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  to  6  dry  and  2  to  5  moist,  and  chroma  of 
2  to  4.  It  is  silty  clay,  silty  clay  loam,  or  clay  loam  averaging  35  to  45  percent  clay.  Clay 
films  are  thin  and  distinct  on  faces  of  peds.  It  is  neutral  or  mildly  alkaline. 

The  C  horizon  typically  is  silty  clay  loan,  or  clay  loam,  but  some  are  loam  or  silty  clay.  It 
is  moderately  or  strongly  alkaline. 

Competing  Series:  These  are  the  Lennep  series  in  the  same  family  and  the  Beckton,  Cresbard, 
Daglum,  Grail,  Niobell,  Regent,  Rhoades,  Savage,  Sorum,  and  Winnett  series.  Lennep  soils  have 
B2t  horizons  that  average  50  to  60  percent  clay.  Beckton  and  Winnett  soils  are  mesic.  Cres^ard 
soils  formed  in  glacial  till  and  have  a  more  humid  climate.  Daglum  and  Rhoades  have  str  g 
columnar  structure,  and  the  Rhoades  have  visible  salts  or  gypsum  within  16  inches  of  the  surfac^ 
Grail,  Regent,  and  Savage  soils  lack  natric  horizons.  Niobell  soils  formed  in  glacial  till  and 
are  fine-loamy.  Sorum  soils  are  fine-loamy  and  have  a  dryer  climate. 

Geographic  Setting:  Belfield  soils  are  on  nearly  level  terraces,  upland  swales  and  on 
nearly  level  to  moderately  sloping  uplands.  Slopes  to  1  to  4  percent  are  most  common,  us  ope 
range  0  to  9  percent.  They  formed  in  alkaline,  calcareous  residuum  or  alluvium  mainly  of 
tertiary  origin.  Mean  annual  precipitation  ranges  from  12  to  16  inches,  and  mean  annual 

temperature  ranges  from  38  to  45  F. 

Geographically  Associated  Soils:  These  are  the  Amor,  Daglum,  Farland,  Grail,  Law t her, 
Moreau,  Morton  ^ent ,  Rhoades,  Savage,  Sen,  and  Shambo  soils  Amor,  Moreau,  Horton  Regent 
and  Sen  soils  lack  natric  horizons  and  are  adjacent  to  Belfield  soils  on  Up^n^' 

Rhoades  soils  have  strong  columnar  structure  and  occupy  similar  positions  as  B^lfl?ld 
Farland,  Savage,  and  Shambo  soils  lack  natric  horizons  and  are  adjacent  to  Belfield  soils 
terraces.  Grail  and  Lawther  soils  lack  natric  horizons  and  are  adjacent  to  Belfield  soils 

upland  swales . 

Drainage  and  Permeability:  Well  drained.  Runoff  is  slow  or  medium.  Permeability  is  slow. 

Use  and  Vegetation:  Most  areas  are  cropped  to  small  grains.  Some  are  used^for  hay^or^ 
pastured  Native  vegetation  is  mid  and  short  prairie  grasses  such  as  western  wheatgrass,  blue 

grama,  and  green  needlegrass  .• 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  South  Dakota,  and  eastern 
Montana”!  The  soil  is  extensive . 


Series  Established:  Stark  County,  North  Dakota,  1965. 

Additional  Data:  North  Dakota  Agricultural  Station  Laboratory  Data  Nos.  S61ND-45-1,  S61ND 
45-4,  S61ND-45-5,  and  S61ND-45-9. 
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Established  Series 
Rev.  DDO-GBM 
12/20/79 

BRANDENBURG  SERIES 

The  Brandenburg  series  are  excessively  drained  soils  that  are  shallow  to  shattered 
porcelanite  bedrock.  They  have  formed  in  residuum  from  porcelanite  and  have  moderate  to 
rapid  permeability.  Slopes  range  from  4  to  50  percent.  Mean  annual  precipitation  is  about 
15  inches,  and  mean  annual  temperature  is  about  43°F. 

Taxonomic  Class:  Fragmental,  mixed,  frigid  Typic  Ustorthents. 

Typical  Pedon:  Brandenburg  channery  loam  -  grassland.  (Colors  are  for  dry  soil  unless 
otherwise  stated.) 

A1 — 0  to  4  inches;  pinkish  gray  (7.5YR  6/2)  channery  loam,  brown  (7.5YR  4/2)  moist; 
moderate  fine  granular  structure;  slightly  hard,  very  friable;  many  fine  roots;  15  to  30 
percent  by  volume  small  porcelanite  chips;  slight  effervescence;  mildly  alkaline;  clear  wavy 
boundary.  (0  to  6  inches  thick) 

Cl — 4  to  10  inches;  reddish  yellow  (SYR  6/6)  very  channery  loam,  yellowish  red  (5YR  4/6) 
moist;  weak  medium  and  fine  subangular  blocky  structure;  soft,  very  friable;  over  50  percent 
by  volume  porcelanite  with  thin  lime  crusts  on  undersides;  strong  effervescence;  moderately 
alkaline;  clear  irregular  boundary.  (2  to  15  inches  thick) 

C2 — 10  to  60  inches;  shattered  porcelanite  which  are  slightly  weathered  in  upper  2 
to  10  inches;  strong  effervescence;  moderately  alkaline. 

Type  Location:  Bowman  County,  North  Dakota;  about  3  miles  east  and  11/4  miles  north  of 
Bowman;  1485  feet  north  of  the  SW  corner  of  Sec.  33.,  T.  132  N.,  R.  101  W. 

Range  in  Characteristics:  The  depth  to  shattered  porcelanite  or  calcareous  reddish 
argillites  ranges  from  10  to  20  inches.  The  soil  contains  more  than  35  percent  coarse  frag¬ 
ments  (by  volume)  although  the  surface  layer  in  some  pedons  contains  as  little  as  10  percent. 
The  mean  annual  soil  temperature  is  estimated  to  range  from  40°  to  46°F.  The  A  horizon  ia 
loam,  gravelly  loam,  or  channery  loam.  The  upper  7  inches  when  mixed  has  7 .5YR  or  redder  hue, 
value  of  5  or  6,  more'  than  3.5  moist  and  chroma  of  2  or  more.  The  Cl  horizon  typically  is 
channery  or  very  channery  loam  with  more  than  45  percent  by  volume  of  channery  material 
coarser  than  2  mm.  The  underlying  material  is  shattered  porcelanite,  argillites,  or  clinkers 
containing  free  carbonates. 

Competing  Series:  There  are  no  other  series  in  the  same  family.  * 

Geographic  Setting;  The  Brandenburg  soils  are  on  undulating  to  steep  uplands.  Slope 
gradients  range  from  4  to  50  percent.  The  Brandenburg  soils  formed  in  residuum  containing 
■ore  than  45  percent  by  volume  of  hard  porcelanite  coarser  than  2  mm.  The  climate  is  cool, 
semi  arid  with  cold  dry  winters  and  warm  moist  summers.  The  mean  annual  precipitation  is  10 
to  17  inches,  70  or  80  percent  of  which  falls  when  the  soil  is  not  frozen.  The  mean  annual 
air  temperature  is  40  to  45°F . 

Geographically  Associated  Soils;  These  are  the  Cabba,  Flasher,  Ringling,  Searing,  and 
Yawdim  soils.  All  these  soils  are  on  nearby  slopes  or  hills.  Cabba,  Flasher,  and  Yawdim 
soils  are  underlain  with  soft  sandstone,  siltstone  or  shale  at  depths  of  8  to  20  inches. 
Ringling  and  Searing  soils  have  mollic  epipedons.  In  addition.  Searing  soils  are  20  to  40 
inches  deep  to  porcelanite. 

Drainage  and  Permeability:  Excessively  drained,  moderate  to  rapid  permeability.  Infil¬ 
tration  rate  medium  and  high.  Slow  to  medium  runoff. 

Use  and  Vegetation;  Used  mainly  for  range.  Native  vegetation  is  threadleaf  and  needle- 
leaf  sedges,  short  and  mid  prairie  grasses,  and  creeping  cedar  and  other  shrubs. 

Distribution  and  Extent;  Widely  distributed  In  sedimentary  plains  of  western  North 
Dakota  and  eastern  Montana.  Moderately  extensive. 

Series  Established:  Bowman  County,  North  Dakota,  1969. 
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Established  Series 
Rev.  DRC/SHB 
11/76 


CABBA  SERIES 

The  Cabba  series  consists  of  well  drained  soils  that  formed  in  material  weathered  from  soft  sedimentary 
rock  and  have  sedimeniary  beds  at  depths  of  8  to  20  inches.  Cabba  soils  are  on  uplands  and  are  moderately 
sloping  to  very  steep.  The  mean  annual  precipitation  is  about  16  inches  and  the  mean  annual  air 
temperature  is  about  45°F. 

Taxonomic  Class;  Loamy,  mixed  (calcareous) ,  frigid,  shallow  Typic  Ustorthents. 

Typical  Pedon;  Cabba  cobbly  clay  loam,  native  grassland.  (Colors  are  for  dry  soil  unless  otherwise 
noted  /) 

A1 — 0  to  2  inches;  grayish  brown  (2.5Y  5/2)  cobbly  clay  loam,  grayish  brown  (2.5Y  4/2)  moist; 
moderate  fine  crumb  structure;  slightly  hard,  friable,  slightly  sticky  and  slightly  plastic;  many  fine 
roots  and  pores;  15  to  20  percent  cobbles,  gravel  and  stones;  neutral  (pH  7.3);  gradual  wavy  boundary.  (2 
to  5  inches  thick) 

AC — 2  to  7  inches;  grayish  brown  (2.5Y  5/2)  gravelly  light  clay  loam,  dark  grayish  brown  ( 2 . 5Y  4/2) 
moist;  moderate  very  fine  subangular  blocky  structure;  slightly  hard,  friable,  slightly  sticky  and 
slightly  plastic;  20  percent  pebbles;  many  fine  roots  and  pores;  neutral  (pH  7.3);  gradual  wavy  boundary. 
(2  to  10  inches  thick) 

Cl — 7  to  18  inches;  very  pale  brown  (10YR  7/2)  gravelly  loam,  grayish  brown  (10YR  5/2)  moist; 
massive;  evidence  of  rock  structure  in  small  fragments  of  weakly  consolidated  siltstone;  slightly  hard, 
friable,  nonsticky  and  slightly  plastic;  many  fine  roots  and  pores;  20  percent  pebbles;  slightly 
effervescent;  coatings  of  lime  on  soft  rock  fragments;  clear  wavy  boundary.  (6  to  15  inches  thick) 

Cy  P2--18  to  60  inches;  light  gray  (10YR  7/2)  soft  sedimentary  bedrock,  grayish  brown  (10YR  5/2)  moist; 
can  be  chipped  out  only  with  a  sharp  instrument  when  dry  but  softens  quickly  on  soaking  in  water,  and 
becomes  material  that  rubs  to  a  loam  texture;  roots  in  cracks  and  some  roots  through  plates;  massive  rock; 
mildly  alkaline  (pH  7.8.) 

!£££,  Location:  Granite  County,  Montana;  1000  feet  north  and  1500  feet  east  of  the  southwest  corner  of 
section  35,  5. 10N. ,  R.12W. 

Range 'in  Characteristics:  Depth  to  sedimentary  beds  is  8  to  20  inches.  Mean  annual  soil  temperature 
ranges  from  4(3 4  to  4 1Jf.  The-huo-is  1QYR  or  2.5Y.  Rock  fragments  range  from  0  to  35  percent  and  are 
mainly  of  gravel  size. 

The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  5  or  6  dry,  3  or  4  moist,  and  chroma  of  1  or  2.  It  ranges 
from  fine  sandy  loam  through  silt  loam. 

The  C  horizon  has  hue  of  10YR  through  5Y,  value  of  5  through  8  dry,  4  through  7  moist,  and  chroma  of  i 
through  3.  It  is  loam,  silt  loam,  silty  clay  loam  or  light  clay  loam  and  has  20  to  35  percent  clay.  The 
underlying  sedimentary  beds  rub  to  silt  loam  or  loam.  This  horizon  is  mildly  or  moderately  alkaline. 

Competing  Series:  These  are  the  Abac  and  Cohagen  series  in  the  same  family  and  the  related  Cabbart,  br«, 
Miiway  and  Wayden  series.  Abac  soils  have  hue  of  SYR  or  redder.  Cabbart  soils  have  an  aridic  moisture 
regime  that  borders  on  an  ustic  regime.  Cohagen  soils  have  sandy  loam  C  horizons.  Kuro  soils  contaia  34 
to  45  percent  clay.  Midway  soils  have  soil  temperature  warmer  than  47*F.  Wayden  soils  have  36  to  50 
percent  clay. 

Geographic  Setting:  Cabba  soils  are  moderately  sloping  to  very  steep  and  are  on  uplands  at  elevations  ef 
Jbflo  to  4800  feet 7  They  formed  in  material  weathered  from  12  to  19  inches  with  areas  receiving  less  them 
14  inches  having  cooler  temperatures  and  lower  evaporation.  Most  of  the  precipitation  falls  in  the  spring 
end  early  summer.  Mean  annual  temperature  ranges  from  41*  to  45*F.  The  (32*F.)  growing  season  is  90  to 
135  days. 

Geographically  Associated  Soils:  These  are  the  Barvon,  Campspass,  Farland,  Judith,  Ringling,  Shane  and 
Tfcebo  soils.  Barvon  soils  have  a  mollic  epipedon  and  are  20  to  40  inches  deep  to  siltstone.  Campspass 
and  Farland  soils  have  argillic  horizons.  Judith  soils  have  a  calcareous  horizon  immediately  beneath  the 
mollic  epipedon.  Ringling  soils  are  fragmental.  Shane  soils  contain  more  than  60  percent  clay.  Theho 
soils  contain  more  than  35  percent  clay. 

ftrainage • and  ~ Permeability:  Well  drained;  moderate  permeability. 

Use  and  Vegetation:  Used  for  rangeland.  Native  plants  are  bluebunch  wheatgrass,  little  bluestem, 

need 1 e and t lire a J,  western  wheatgrass,  green  needlegrass,  annual,  and  low-density  stands  of  ponderosa  pine. 
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Cabba  Series 

Pi c * r. but  ion  and  Extent:  Widely  distributed  in  Montana.  Cabba  toils  are  of  aoderate  extent. 

Series  Established:  Granite  County,  Montana,  1969. 

Remarks :  The  nature  of  the  sedimentary  beds  is  currently  under  study.  The  clatti fication  of  the  series 

may  need  to  be  changed  if  these  soils  lack  a  paralithic  contact  at  shallow  depth. 
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Established  Series 
Rev.  RLM-GBM 
6/3/80 


CHAttA  SERIES 

The  Chama  series  consists  of  well  drained  soils  formed  in  materials  weathered  from  soft 
siltstone  and  shale  on  uplands.  These  soils  are  moderately  deep  to  soft  siltstone  or  shale. 
These  soils  are  moderately  or  moderately  slowly  permeable.  Slopes  range  from  0  to  35  percent. 
Mean  annual  temperature  is  42  F,  and  mean  annual  precipitation  is  15  inches. 

Taxonomic  Class:  Fine-silty,  mixed  Entic  Haploborolls . 

Typical  Pedon:  Chama  silt  loam  on  an  8  percent  south-southeast-facing  slope  in  a  pasture. 
(When  described,  the  soil  was  dry  throughout.  Colors  are  for  dry  soil  unless  otherwise  stated.) 

A1 — 0  to  4  inches;  grayish  brown  (10YR  5/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  weak  medium  and  fine  subangular  blocky  structure;  slightly  hard,  friable,  slightly  sticky 
and  nonplastic;  neutral;  abrupt  smooth  boundary.  (3  to  7  inches  thick) 

B2 — 4  to  8  inches;  grayish  brown  (10YR  5/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist;  moderate  medium  prismatic  structure  parting  to  moderate  medium  subangular  blocky; 
slightly  hard,  friable,  slightly  sticky  and  nonplastic;  slight  effervescence;  mildly  alkaline; 
clear  smooth  boundary.  (2  to  7  inches  thick) 

B3ca — 8  to  13  inches;  light  gray  (2.5Y  7/2)  silt  loam,  light  olive  brown  (2.5Y  5/4)  moist; 
weak  medium  prismatic  structure  parting  to  moderate  medium  and  fine  subangular  blocky;  slightly 
hard,  friable,  slightly  sticky  and  nonplastic;  many  fine  lime  masses;  violent  effervescence; 
mildly  alkaline;  clear  smooth  boundary.  (0  to  8  inches  thick) 

Clca  — 13  to  22  inches;  light  yellowish  brown  (2.5Y  6/4)  silt  loam,  olive  brown  (2.5Y  4/4) 
moist;  weak  medium  subangular  blocky  and  weak  thick  platy  structure;  slightly  hard,  friable, 
slightly  sticky  and  nonplastic;  many  medium  lime  masses;  violent  effervescence;  mildly  alkaline; 
clear  smooth  boundary.  (4  to  20  inches  thick) 

C2ca — 22  to  34  inches;  light  yellowish  brown  (2.5Y  6/4)  silt  loam,  light  olive  brown  (2.SY 
5/4)  moist;  massive;  slightly  hard,  friable,  slightly  sticky  and  nonplastic;  many  large  lime 
concretions;  slight  effervescence;  mildly  alkaline;  gradual  wavy  boundary.  (0  to  14  inches 
thick) 

Cr — 34  to  60  inches;  pale  yellow  (2.5Y  7/4)  soft  siltstone,  light  olive  brown  (2.5Y  5/4) 
moist;  slight  effervescence;  mildly  alkaline. 

Type  Location:  Slope  County,  North  Dakota;  1,180  feet  north  and  1,420  feet  east  of  the 
southwest  corner,  sec.  15,  T.  136  N. ,  R.  99  W. 

Range  in  Characteristics:  Thickness  of  solum  ranges  from  12  to  22  inches.  Depth  to  soft 

bedrock  ranges  from  20  to  40  inches.  The  mollic  epipedon  ranges  from  7  to  10  inches  thick- 

* 

The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  3  to  5  and  2  or  3  moist,  and  chroma  of  2.  It 
is  silt  loam,  silty  clay  loam,  or  loam.  It  is  neutral  to  mildly  alkaline. 

The  B2  horizon  has  hue  of  2.5Y  or  10YR,  value  of  4  to  6  and  3  or  4  moist,  and  chroma  of  2. 
It  is  silt  loam  or  silty  clay  loam.  It  is  calcareous  throughout  and  is  mildly  alkaline  or 
moderately  alkaline. 

The  C  horizon  is  silt  loam  or  silty  clay  loam.  It  is  mildly  alkaline  or  moderately 
alkaline. 

Competing  Series:  There  are  no  other  series  in  the  same  family.  Other  competing  series  are 
the  Bryant,  Cabba,  Cambert,  Cherry,  Floweree,  Golva,  Omio,  Peritsa,  Sen,  and  Temvik  series. 
Bryant,  Cherry,  Golva,  and  Temvik  soils  lack  soft  siltstone  within  40  inches.  Sen  and  Omio  soils 
have  noncalcareous  B2  horizons.  Omio  soils  have  a  solum  formed  in  loess.  Peritsa  soils  have  hue 
redder  than  7.5YR  in  the  solum.  Cabba  soils  have  soft  bedrock  at  depths  less  than  20  inches. 
Cambert  soils  lack  mollic  epipedons.  The  Floweree  soils  have  an  aridic  moisture  regime. 
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CHAMA  SEK1ES--2 

Geographic  Setting:  Chama  soils  are  on  nearly  level  to  steep  uplands.  Slope  gradients  are 
commonly  3  to  15  percent  but  range  from  0  to  35  percent.  The  soils  formed  in  materials  weathered 
from  soft  siltstone  and  shale.  The  mean  annual  temperature  is  42  to  44  F,  and  the  mean  annual 
precipitation  is  14  to  17  inches. 

Geographically  Associated  Soils:  These  are  the  competing  Cabba ,  Golva,  and  Sen  soils  and 
the  Grassna,  Morton,  and  Reeder  soils.  The  Cabba  soils  are  on  knobs  and  steeper  landscapes.  The 
Golva  and  Grassna  soils  are  in  the  lower  lying  positions.  Sen  soils  are  on  similar  landscapes. 
Morton  and  Reeder  soils  are  on  similar  positions  but  have  argillic  horizons. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  medium  to  rapid.  Permeability  is 
moderate  or  moderately  slow. 

Use  and  Vegetation:  Soils  are  cropped  to  small  grains,  which  are  mostly  wheat;  a 
significant  acreage  is  in  rangeland.  The  native  vegetation  is  principally  western  wheatgrass, 
needleandthread ,  and  blue  grama. 

Distribution  and  Extent:  Western  North  Dakota,  eastern  Montana  and  possibly  northwestern 
South  Dakota.  The  series  is  of  moderate  extent. 

Series  Established:  Wibaux  County,  Montana,  1956. 

Remarks :  The  soil  was  formerly  classified  as  fine-silty,  mixed  Typic  Haploboroll. 
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DAGLUM  SERIES 


The  Daglum  series  consists  of  deep,  moderately  well  and  well  drained  soils  formed  in  clayey 
alluvium  terraces,  foot  slopes,  and  swales  in  uplands.  These  soils  have  very  slow  permeability. 
Slopes  range  from  0  to  9  percent.  Mean  annua  L  temperature  is  about  42  F,  and  the  mean  annua] 
precipitation  is  about  14  inches. 


Taxonomic  Class:  Fine,  montmorillonitic  Typic  Natriborol Is . 


Typical  Pedon:  Daglum  clay  loam  -  on  a  level  terrace  having  less  than  1  percent  slope  in 
native  grassland.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described  the  soil  was 
dry  to  a  depth  of  18  inches  and  moist  below  18  inches.) 


A1--0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  clay  loam,  very  dark  brown  (10YR  2/2)  moist; 
moderate  medium  prismatic  structure  parting  to  moderate  medium  subangular  blocky  and  weak  fine 
platy ;  hard,  friable,  sticky,  slightly  plastic;  many  fine  roots  and  pores;  thin  light  gray  (10YR 
6/1)  patches  of  sand  grains  on  plates;  slightly  acid;  clear  irregular  boundary.  (4  to  15  inches 
thick) 

A2--5  to  8  inches;  grayish  brown  (10YR  5/2)  light  clay  loam,  very  dark  grayish  brown  (10YR 
3/2)  moist;  light  gray  (10YR  6/1)  bleached  sand  grains  in  thick  patches;  weak  medium  prismatic 
structure  parting  to  moderate  medium  and  fine  platy;  hard,  very  friable,  slightly  sticky,  slightly 
plastic;  common  roots,  many  fine  pores;  slightly  acid;  clear  wavy  boundary.  (1  to  5  inches  thick) 


B21t — 8  to  13  inches;  grayish  brown  (10YR  5/2)  clay,  very  dark  grayish  brown  (10YR  3/2)  moist; 
strong  medium  and  fine  columnar  structure;  extremely  hard,  firm,  very  sticky,  plastic;  few  roots, 
common  fine  pores,  thin  clay  films  on  sides  of  columns;  light  gray  (2.51  7/1)  bleached  films  on 
tops  of  columns;  mildly  alkaline;  gradual  boundary. 


B22t--13  to  18  inches;  grayish  brown  (1CYR  5/2)  clay,  dark  grayish  brown  (10YR  4/2)  moist; 
moderate  coarse  prismatic  structure  parting  to  strong  medium  and  fine  angular  blocky;  extremely 
hard,  firm,  very  sticky,  plastic;  few  roots;  films  of  very  dark  grayish  brown  (10YR  3/2)  moist, 
coat  the  faces  of  the  prisms  and  blocks;  moderately  alkaline;  clear  irregular  boundary.  (Combined 
B2  horizons  7  to  16  inches  thick) 


Clcs--13  to  26  inches;  light  yellowish  brown  (2.5Y  6/3)  silty  clay,  light  olive  brown  (2.5Y 
5/4)  moist;  common  fine  distinct  mottling  of  very  dark  grayish  brown  (10YR  3/2)  moist;  weak  coarse 
and  medium  subangular  blocky  structure;  very  hard,  friable,  sticky,  plastic;  common  white  salt 
crystals;  slight  effervescence;  strongly  alkaline;  gradual  wavy  boundary.  (0  to  10  inches  thick) 


C2--26  to  45  inches;  light  gray  (5Y  6/1)  silty  clay,  dark  gray  (5Y  4/1)  moist;  many  fine 
distinct  dark  grayish  brown  mottles  (2.5Y  4/2)  moist;  massive;  very  hard,  firm,  sticky  plastic; 
fev  to  common  fine  salt  accumulations;  slight  effervescence;  strongly  alkaline;  gradual  boundary. 
(0  to  24  inches  thick) 


Cr--45  to  60  inches;  light  gray  (5Y  6/1)  soft  platy  shale  which  is  silty  clay  when  crushed, 
dary  gray  (5Y  4/1)  moist;  abundant  salt  crystals;  slight  effervescence;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  about  13  miles  south  and  4  miles  west  of 
Dickinson;  765  feet  east  and  360  feet  south  of  the  NW  corner  of  sec.  24,  T.  137  N.,  R.  97  W. 

Range  in  Characteristics:  The  thickness  of  the  solum  typically  is  16  to  24  inches,  but 
ranges  from  12  to  32  inches.  The  depth  to  soft  shales  is  greater  than  40  inches. 


The  A1  horizon  has  hue  of  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  2  dry  or  moist. 
It  typically  is  clay  loam  or  silty  clay  loam,  but  some  is  fine  sandy  loam,  silt  loam,  loam,  or 
silty  clay. 
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I  If  .42  iior  !  2»!1  h . I 
'>  i  1  i>  r  2  dry  or  mo  i  s  t  . 
1  t  h.is  weak  ]ir  j  sni.it  j  v 
st i  in  Lure . 


Hue  of  10YR  or  2.5Y,  value  of  4  through  7  and  3  through  5  moist,  and  chroma 
It  j  very  fine  sandy  loam,  loam,  silt  ioam,  clay  loam,  or  silty  clay  loam, 
r  Murky  structure  parting  to  weal,  or  moderate,  medium  or  fine  platy 


'Jhe  B2t  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  through  6  and  3  through  5  moist,  and 
chroma  of  2  or  3  dry  or  moist.  It  is  clay,  silty  clay,  silty  clay  loam,  or  clay  loam  containing  35 
to  60  percent  clay.  It  has  strong  columnar  structure  in  the  upper  part  grading  to  moderate  or 
strong  prismatic  and  blocky  structuie  in  the  lover  part.  The  B2  horizon  ranges  from  neutral  to 
moderately  alkaline  in  the  upper  part  and  mildly  to  strongly  alkaline  in  the  lower  part.  The 
exchangeable  sodium  .exceeds  15  percent  or  the  sodium  plus  magnesium  exceeds  calcium  plus  liydrogeu. 
Salt  crystals  and  some  carbonate  accumulations  are  in  the  lower  part  in  some  pedons .  Some  pedons 
have  buried  A  horizons. 


The  C  horizon  has  hue  of  2.5Y  cr  5Y, 

1  through  4  dry  or  moist..  It  is  clay  loam 
in  some  peuons.  Soft  sedimentary  beds  of 
pedons  at  depth  below’  40  inches. 


value  of  5  through  7  and  3  through  6  moist,  and  chroma  of 
,  silty  clay7,  silty  clay  loam,  or  clay,  and  is  stratified 
snare,  siiLsLone  or  fine  grained  sands  Lone  are  in  some 


Competing  Series:  These  are  the  Adger  series  in  the  same  family  and  the  Belfield,  Cavour, 
Demers,  Desart,  Ekalaka.  Haccke,  Hapney,  Harriet,  Larson,  Noonan,  Rhoades  and  Sorum  series.  Adger 
soils  have  strongly’  alkaline  A  horizons.  Belfield  soils  have  interfingering  of  an  A  and  B  horizon 
into  the  B2t  liuiizon  and  lack  sLiong  columnar  structure.  Cavour,  Harriet,  and  Larson  soils  have  A1 
horizons  with  chroma  of  1  and  are  usually  moist.  Harriet  soils  are  poorly  drained.  Demers  and 
Haccke  soils  have  fine-silty  textures.  Desart,  Ekalaka,  Noonan  and  Sorum  soils  contain  less  clay 
and  more  sand.  In  addition,  Noonan  soils,  formed  in  till  and  contain  coarse  fragments.  Hapney 
soils  lack  A1  horizons  and  have  A2  horizons  less  than  2  inches  thick  and  in  addition  are  drier. 
Rhoades  soils  have  thinner  sola  and  A  horizons  less  than  5  inches  thick. 


Geographic  Setting:  Daglum  soils  are  on  nearly  level  terraces,  foot  slopes,  swales  and 
undulating  upland  plains.  Slope  gradients  range  from  0  to  ever  9  percent.  The  soils  formed  in 
clayey  alluvium.  The  mean  annual  temperature  ranges  from  40  to  45  F,  and  mean  annual 
precipitation  from  12  to  16  inches.  Moist  of  the  precipitation  comes  in  the  spring  and  summer. 

Geugidpliiidlly  Associated  Soils:  These  are  the  competing  Belfield  and  Rhoades  soils  and  the 
Absher,  Farland,  Grail,  Lawther,  Moreau,  Morton,  Reeder,  Regent,  Savage,  and  Shambo  soil*. 
Belfield  and  Rhoades  soils  are  in  complex  with  Daglum  series  in  many  areas.  Absher  soils  lack  a 
mollic  epipedon.  All  other  soils  lack  natric  horizons.  They  are  on  nearby  terraces  and  uplands. 

Drainage  and  Permeability:  Moderately  well  and  well  drained.  Runoff  is  slow  or  mediua. 
Permeability'  is  very  slow. 


Use  and  Vegetation:  Used  for  range,  pasture  and  small  grains.  Native  vegetation  is  western 
wheatgrass,  bluegrama,  green  needlegrass,  needleleaf  sedge  and  forbs. 

Distribution  and  Extent:  Western  North  Dakota,  northwestern  South  Dakota,  and  eastern 
Montana.  The  soil  is  of  moderate  extent. 


Series  Established:  Bowman  County,  North  Dakota,  August  1969. 

Remarks:  The  Daglum  series  would  have  been  classified  .solodized-Solonetz  in  the  foranr 
system.  . 


Additional  Data:  North  Dakota  Agr.  Exp.  Sta.  laboratory  data  number  S62ND-45-1. 
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FAR LAND  SERIES 

Tlu*  Farland  series  consists  of  deep,  well  drained  soils  that  formed  iff  strati  lied  alluvium  <■'. 
terraces  and  valley  footslopes.  Permeability  is  moderate  or  moderately  slow.  Slopes  range  from  t 
to  9  percent.  Mean  annual  precipitation  is  about  14  inches,  and  mean  annual  temperature  is  about 
42°  F. 

Taxonomic  Class:  line-silty,  mixed  Tvpic  Argiborolls. 

Typical  Pedon:  Farland  silt  loam  on  an  east  facing  1  percent  slope  in  native  grassland. 
(Colors  are” for  dry  soil  unless  otherwise  stated.  When  described,  the  soil  was  moist  to  13  inches 
and  dry  below. ) 

A1--0  to  4  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  brown  (10YR  2/2)  moist; 
weak  medium  and  fine  prismatic  and  fine  subangular  blocky  structure  parting  to  moderate  fine 
granular;  slightly  hard,  friable;  many  roots;  nany  fine  pores;  neutral;  gradual  wavy  boundary.  (3 
to  12  inches  thick) 

R21 t--4  to  11  inches;  grayish  brown  ( 10YR  5/2)  silty  clay  loam,  very  dark  grayish  brown  (10YR 
3/2)  moist;  moderate  medium  and  fine  prismatic  structure  parting  to  strong  medium  and  fine  angular 
blocky ;  hard,  friable;  many  roots;  common  fine  pores;  thin  clay  films  on  faces  of  peds;  neutral; 
clear  wavy  boundary. 

B2 2 1  — 11  to  18  inches:  gravish  brown  (2.5Y  5/2)  silty  clay  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  moderate  medium  and  fine’ prismatic  structure  parting  to  strong  medium  and  fine  subangular 
blocky;  hard,  friable;  common  roots;  common  fine  pores;  thin  patchy  clay  films;  neutral;  gradual 
wavy  boundary.  (Combined  thickness  oi  B2  horizons  8  to  22  inches) 

B3--1S  to  25  inches;  light  yellowish  brown  (2.5Y  6/4)  silt  loam,  grayish  brown  (2.5Y  5/2) 
moist;  weak  coarse  prismatic  and  moderate  coarse  subangular  blocky  structure;  hard,  friable;  few 
roots;  common  fine  pores;  strong  effervescence;  mildly  alkaline;  clear  wavy  boundary.  (0  to  15 
inches  thick) 

Clca--25  to  34  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light,  olive  brown  (2.5Y  5/4) 
moist ;  weak  coarse  prismatic  and  moderate  coarse  and  medium  subangular  blocky  structure,  friable; 
f foots ;  few  fine  pores;  violent  effervescence  with  common  coarse  masses  of  soft  lime,  moderately 
alkaline;  gradual  boundary.  (7  to  20  inches  thick) 

C2--34  to  60  inches;  light  brownish  gray  (2.5Y  6/2)  stratified  silt  loam,  loam  and  silty  clay 
loam,  olive  brown  (2.5Y  4/4)  moist;  weak  coarse  to  fine  subangular  blocky  structure  parting  to  weak 
thin’platy;  friable;  few  roots;  few  fine  pores;  strong  effervescence;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  about  10  miles  east  of  Richardton;  1,490  feet 
north  and  1,200  feet  west  of  SE  corner,  sec.  1,  T.  139  N.,  R.  91  W. 

Range  in  Characteristics:  The  solum  thickness  ranges  from  12  to  36  inches  and  depth  to  free 
lime  ranges  from  8  to  30  inches.  The  profile  is  more  than  40  inches  thick  to  a  paralithic  contact  or 
contrasting  substratum.  Tiie  mollic  epipedon  ranges  from  8  to  16  inches  in  thickness.  , 

The  A  horizon  has  10YR  hue,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  2  or  3.  It  is  loan, 
silt  loam  or  light  clay  loam. 

The  B2t  horizon  has  10YR  or  2.5Y  hue,  value  of  4  through  6  and  3  or  4  moist,  and  chroma  of  2  to 

4.  It  is  silty  clay  loam,  clay  loam  having  a  clay  content  which  averages  between  27  and  35  percent. 

Structure  ranges  from  moderate  to  strong  prismatic  which  parts  to  strong  on  moderate  angular  or 
subangular  blocks.  Peds  in  this  horizon  have  thin  continuous  or  patchy  clay  films. 

The  Cca  horizon  contains  both  diffuse  and  segregated  soft  masses  of  lime.  The  lower  (.  horizon 

is  typically  loam,  silt  loam  or  silty  clay  loam  alluvium,  and  less  commonly  stratified  silt,  silty 

clay,  very  fine  sandy  loam  and  very  fine  sand. 
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FAR  LAND  SF.RlL.v--Z 

Competing  Set  it's:  These  .ire  the  Jekley,  Morton  and  Xavier  series  of  the  same  family  and  the 
Agar,  Arnegard,  HeliieM,  Brusseti,  farnui,  Grail,  Savage,  Sen,  Shambo ,  St  raw  and  Wi  11  iams  series. 

1  he  Jekley  and  Morton  soils  have  bedrock  within  depths  ol  40  inches.  Jekley  soils,  in  addition, 
Ktnr  at  elevations  ..hove  7. /Oil  feet  Xavier  soils  have  thinner  sola.  Agar  soils  are  mesic. 

\  rneg.i  rd ,  Sen,  Sliambo  and  Straw  soils  lack  argiliir  horizons.  Arnegard  and  Straw  soils,  in 
nld  j  t  i  t  hi  ,  h.jve  me.  I  1  1 1  epipedons  more  than  16  inches  thick.  The  Belfield  soils  have  thin  albic 
lonzons,  natiit  imrizcns,  and  ait'  in  the  line  family.  Brusset  soils  have  lighter  colored  A 
aorizons  and  thinner  mollic  epipedons.  Fnrnuf  and  Shambo  soils  are  fine-loamy.  Grain  soils  have 
inollic  epipedons  more  than  It  inches  thick  ami  are  in  the  fine  family.  The  Savage  soils  are  in  the 
fine  family.  Wi 1 1 iains  so i 1 s  are  formed  in  glacial  till  and  are  fine-loamy. 

Geographic  Setting:  Farland  soils  are  on  nearly  level  to  gently  sloping  terraces  and 
foots! opes  of  stream  valievs.  Slope  gradients  conmonly  average  between  1  and  6  percent,  but  range 
from  0  to  9  percent.  The  soils  formed  in  stratified  alluvium  of  mixed  mineralogy  which  contains 
little  fine  anil  coarser  sand.  The  climate  is  cool,  semiarid,  with  a  mean  annual  temperature  ranging 
from  38  to  45°  F,  and  a  mean  annual  precipitation  from  12  to  16  inches.  Most  of  the  precipitation 
comes  in  the  spring  and  summer. 

Geographically  Associated  Soils:  Belfield,  Manning,  Parshall,  Savage,  Shambo,  Stady  and 
Straw- soi Is  are~on  adjacent  terraces.  Manning  and  Stady  soils  have  gravelly  TIC  horizons  at  less 
than  40  inches.  Straw  soils  are  on  low  terraces  subject  to  flooding.  Soils  on  adjacent  uplands  are 
Morton,  Regent,  Sen  and  Vebar. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  slow  or  medium.  Permeability  is  moderate 
or  moderately  slow. 

Use  and  Vegetation:  Cultivated  areas  are  used  for  growing  small  grains,  flax,  corn,  hay  and 
oastureT  Some  areas  "Tire  irrigated  for  production  of  alfalfa,  beans,  corn,  and  sugar  beets.  Native 
vegetation  is  mid  and  short  prairie  grasses  c.s  g -een  needl  egrass ,  western  wheatgrass  and  blue 
g  rama . 

Distribution  and  Extent :  Western  North  Dakota,  eastern  Montana  and  northwestern  South  Dakota. 
The  series  is  of  moderate  extent. 

Series  Established:  McKenzie  Comity,  North  Dakota,  1932. 

Remarks:  The  series  was  classified  Chestnut  in  the  former  system. 

Additional  Data:  S58ND-45-13,  and  S58ND-45-20  on  pp.  88-91  of  Soil  Survey  Investigation 
Report  No.  2. 
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FLASHER  SERIES 

The  Flasher  series  consists  of  shallow,  somewhat  excessively  drained  soils  formed  in  materials 
from  soft  sandstone  on  upland  ridgetops  and  sideslopes.  Permeability  is  moderately  rapid  or  rapid. 
Slopes  range  from  3  to  ^50  percent.  Mean  annual  precipitation  is  about  14  inches  and  mean  annual 
temperature  is  about  42  T. 


Taxonomic  Class:  Mixed,  frigid,  shallow  Typic  Ustipsamments . 

Typical  Pedon:  Flasher  loamy  fine  sand  -  grassland.  (Colors  are  for  dry  soil  unless 
otherwise  stated.) 


A1--0  to  6  inches;  dark  grayish  brown  (10YR  4/2)  loamy  fine  sand,  very  dark  grayish  brown  (10YR 
3/2)  moist;  weak  fine  subangular  blocky  and  very  weak  medium  granular  structure;  very  friable;  many 
roots;  quartz  grains  stained;  slight  effervescence;  mildly  alkaline;  gradual  wavy  boundary.  (4  to 
8  inches  thick) 


C  6  to  10  inches;  light  olive  brown  (2.5Y  5/4)  loamy  fine  sand,  olive  brown  (2.5Y  4/4)  moist; 
very  weak  fine  subangular  blocky  structure;  loose;  common  roots;  few  small  hard  sandstone 
fragments;  slight  effervescence;  mildly  alkaline;  gradual  smooth  boundary.  (3  to  12  inches  thick) 


Crl--10  to  24  inches;  light  yellowish  brown 
fine  sand,  olive  brown  (2.5Y  4/4)  moist;  massive; 
slight  effervescence;  moderately  alkaline;  gradual 


(2.5Y  6/4)  soft  sandstone  which  crushes  to  loamy 
loose;  few  roots;  few  hard  sandstone  fragments; 
wavy  boundary.  (0  to  20  inches  thick) 


Cr2--24  to  60  inches;  light  yellowish  biown  (2.5Y  6/4)  and  pale  yellow  (2.5Y  7/4)  soft 
sandstone,  light  olive  brown  (2.5Y  5/4)  moist;  massive;  slight  effervescence. 

Type  Location:  Grant  County,  North  Dakota;  about  11  miles  W  of  town  of  Flasher,  1/4  mile  N  of 
SE  corner  sec.  3,  T.  134  N. ,  R.  86  W. 


Range  in  Characteristics:  The  depth  to  soft  sandstone  typically  is  10  to  20  inches  and  ranges 
from  7  to  20  inches.  The  control  section  typically  is  loamy  fine  sand,  and  range  includes  fine 
sand,  loamy  sand  and  sand.  It  ranges  from  neutral  to  moderately  alkaline  and  commonly  contains  free 
carbonates . 

The  A1  horizon  has  hue  of  10YR  or  2.5Y,  rarely  7. SYR,  value  of  4  through  6  and  2  through  4 
moist,  and  chroma  of  2  or  3  dry  or  moist.  -It  typically  is  loamy  fine  sand,  but  some  is  loamy  sand, 
fine  sand,  sandy  loam  or  fine  sandy  loam.  Those  with  sandy  loam  and  fine  sandy  loam  textures  have 
loamy  fine  sand,  loamy  sand  or  fine  sand  in  more  than  half  of  the  control  section. 

The  C  horizon  has  hue  of  2.5Y,  5Y  or  10YR,  value  of  4  through  8  and  3  through  6  moist  and  chroma 
of  2  through  4  dry  or  mosit.  It  is  loamy  fine  sand,  fine  sand  or  loamy  sand. 


The  sandstone  typically  is  slightly  hard  or  hard  and  brittle  when  dry  and  soft  when  moist.  It 
crushes  easily  to  fine  sand  or  loamy  fine  sand.  Some  pedons  have  hard  layers  of  iron  oxide.  In  some 
places  cylindrical  and  spherical  concretions  of  hard  sandstone  are  in  the  soft  sandstone. 


Competing  Series:  There  are  no  other  series  in  the  family.  Other  competing  series  are  the 
lllanchard,  Claire,  Cohagen,  Dast,  Dvwyer,  Flealc,  Lihen,  Serden,  Seroco,  Telfer,  Tullock,  Tusler, 
Vebar,  Yetull,  and  Zeona  series.  Blanchard,  Claire,  Lihen,  Serden,  Seroco,  Telfer,  Yetull  and  . 
Zeona  soils  all  lack  soft,  sandstone  within  the  control  section.  In  addition  Claire  and  Yetull  soils 
contain  medium  and  coarse  sands;  Lihen  and  Telfer  soils  have  mollic  epipedons;  and  Zeona  soils  are 
usually  dry.  Cchagcn  and  Dast  soils  arc  coarse- loamy .  Dwyer  and  tullock  soils  have  mcsic 
temperatures.  Fleak  and  Tusler  soils  are  usually  dry.  Vebar  soils  have  B2  horizons  and  in  addition 
are  underlain  by  soft  sandstone  at  depths  of  20  to  40  inches. 
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^"'gradients  range  from  3  percent  to  50  percent.  The  soils  formed  m  soft 


The  mean  annual  temperature  ranges  from  38  to  45°  F  and 
16  inches.  Most  of  the  moisture  falls  in  the  spring  and 
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,ilv  Associated  boils:  These  are  the  competing  Cohagen,  Lihen,  Seroco,  Telfer  and 
oohagen  soils  are  on  simi  iar  an  1  Telfer  soils  are  on  nearby  terraces  and  uplands . 

ep i pedons . 

n.x.n.,,-  „,d  permeability:  Somewhat  excetsively  drained.  Permeability  is  moderately  rapid  or 
rapid .  Runoff  is  slow  or  medium. 

Use  and  Vegetation:  Used  mainly  for  range  and  pasture.  Native  vegetation  is  prairie  sandreed 
blue  ^I^FuaTTluestem,  upland  sedges,  some  creeping  cedar,  and  other  shrubs. 

Distribution  and  Extent:  Western  North  Dakota,  northwestern  South  Dakota  and  eastern  Montana. 
The  soil  is  of  large  extent. 


Series  Established:  McKenzie  County,  North  Dakota,  1932. 
Remarks:  The  Flasher  soils  were  formerly  classified  as  Regosols. 
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GRAIL  SERIES 

The  Grail  series  consists  of  deep,  well  drained,  moderately  slow  or  slowly 
permeable  soils  that  formed  in  alluvium.  These  soils  are  on  upland  swales, 
fans,  and  foot  slopes  and  have  slopes  ranging  from  0  to  9  percent.  Mean 
annual  temperature  is  42  F,  and  mean  annual  precipitation  is  15  inches. 

Taxonomic  Class:  Fine,  montmorillonitic  Pachic  Argiborolls. 

Typical  Pedon:  Grail  silt  loam  -  cultivated.  (Colors  are  for  dry  soil 
unless  otherwise  stated.) 

Ap — 0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  brown 
(10YR  2/2)  moist;  weak  coarse  and  medium  subangular  blocky  structure;  soft, 
friable,  many  roots;  many  pores;  neutral;  abrupt  boundary. 

A12 — 5  to  10  inches;  dark  gray  (10YR  4/1)  silt  loam,  very  dark  brown  (10YR 
2/2)  moist;  weak  medium  prismatic  structure  parting  to  moderate  coarse  and 
medium  subangular  blocky;  slightly  hard,  friable;  many  roots;  many  pores; 
neutral;  gradual  wavy  boundary.  (Combined  A  horizon  5  to  15  inches  thick) 

B1 — 10  to  13  inches;  dark  gray  (10YR  4/1)  silty  clay  loam,  very  dark  brown 
(10YR  2/2)  moist;  weak  medium  prismatic  parting  to  moderate  coarse  and  medium 
subangular  blocky  parting  to  moderate  fine  granular;  firm;  common  roots;  few 
pores;  fine  clay  films  on  prisms  and  blocks;  neutral;  gradual  boundary. 

(0  to  6  inches  thick) 

B2t— 13  to  24  inches;  grayish  brown  (10YR  5/2)  silty  clay,  very  dark  grayish 
brown  (10YR  3/2)  moist;  moderate  coarse  prismatic  structure  parting  to  strong 
medium  and  fine  angular  blocky;  very  hard,  firm;  few  roots;  few  pores;  clay 
films  on  all  peds;  neutral;  clear  wavy  boundary.  (9  to  22  inches) 

Clca— 24  to  52  inches;  light  brownish  gray  (2.5Y  6/2)  silty  clay*loam,  grayish 
brown  (2/5Y  5/2)  moist;  very  weak  medium  prismatic  structure  parting  to 
moderate  coarse  and  medium  subangular  blocky;  hard,  firm;  few  pores;  strong 
effervescence;  few  small  bodies  of  powdery  lime,  moderately  alkaline;  clear 
wavy  boundary.  (7  to  36  inches  thick) 

C2— 52  to  60  inches;  grayish  brown  (2.5Y  5/2)  silty  clay  loam,  dark  grayish 
brown  (2/5Y  4/2)  moist;  weak  medium  blocky  structure;  hard,  firm;  strong 
effervescence;  few  small  bodies  of  segregated  lime;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota,  900  feet  west  and  900  feet  south 
of  the  center  of  sec.  18,  T.  139  N. ,  R.  91  W. ;  35  feet  north  of  old  county  road. 

Range  in  Characteristics:  The  thickness  of  the  solum  ranges  from  20  inches 
to  more  than  42  inches.  The  mollic  epipedon  is  more  than  16  inches  thick  and 
includes  all  of  the  A  horizon  and  all  or  part  of  the  B  horizon.  Some  pedons 
have  buried  A  horizons. 
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The  A  horizon  has  10YR  hue,  value  of  2  or  3  moist,  and  chroma  of  1  or  2 . 

It  is  silt  loam,  silty  clay  loam,  or  clay  loam.  It  is  slightly  acid  to 
neutral . 

The  B2t  horizon  has  hue  of  10YR  or  2.5Y,  value  of  2  through  4  moist,  and 
chroma  of  1  through  3.  It  is  silty  clay,  silty  clay  loam,  clay,  or  clay 
loam.  Some  pedons  have  a  B3  or  B3ca  horizon.  The  B2t  horizon  averages 
between  35  and  45  percent  clay. 

The  C  horizon  has  hue  of  2.5Y,  value  of  3  to  5  moist.  It  is  loam,  silt 
loam,  silty  clay  loam,  clay  loam,  or  clay.  It  commonly  contains  less  than 
15  percent  CaCO„  equivalent  which  is  both  diffused  and  in  segregated  bodies. 
It  is  mildly  alkaline  to  moderately  alkaline.  Soft  bedrock  is  below 
40  inches  in  some  pedons. 

Competing  Series:  These  are  the  Fughes,  Hillery,  Kubler,  and  Zoltay  in 
the  same  family  and  the  Arnegard,  Belfield,  Bowbells,  Grassna,  Lawther , 
Norton,  Promise,  Regent,  and  Savage  series.  Fughes  and  Hillery  soils  lack 
horizons  of  CaCO^  accumulation  about  60  inches;  in  addition,  Hillery  soils 
have  greater  than  50  percent  clay  in  the  control  section.  Kubler  soils 
have  color  hues  of  7.5YR  and  redder.  Zoltay  soils  contain  more  than 
15  percent  rock  fragments.  Arnegard,  Grassna  and  Lawther  soils  lack  an 
argillic  horizon;  in  addition,  Arnegard  soils  are  fine-loamy,  Grassna  soils 
are  fine-silty,  and  Lawther  soils  have  more  clay  and  have  a  calcareous  solum. 
Belfield  soils  have  natric  horizons.  Bowbells  soils  are  fine-loamy.  Morton, 
Regent,  and  Savage  soils  have  mollic  epipedons  less  than  16  inches  thick; 
in  addition,  Morton  and  Regent  soils  have  soft  bedrock  within  40  inches. 
Promise  soils  are  mesic  and  very  fine. 

Geographic  Setting:  Grail  soils  are  on  slightly  concave  upland  swales, 
terraces,  alluvial  fans,  and  foot  slopes.  Slope  gradients  typically  are 
1  to  3  percent  but  range  from  0  to  9  percent.  The  soils  formed  in  local 
alluvium  originating  mainly  from  silty  and  clayey  soft  sedimentary  bedrock. 
Mean  annual  temperature  is  38  to  45  F,  and  mean  anijual  precipitation  is 
12  to  16  inches. 

Geographically  Associated  Soils:  These  are  the  Amor,  Arnegard,  Belfield, 
Cabba,  Daglum,  Farland,  Lawther,  Morton,  Regent,  Rhoades,  Savage,  Sen, 

Vebar ,  and  Williams.  Amor,  Morton,  Sen,  and  Vebar  soils  have  soft  sedimen¬ 
tary  bedrock  at  depths  of  20  to  40  inches  and  are  on  adjacent  upland  convex 
slopes.  Arnegard  soils  are  fine-loamy  and  are  on  similar  positions  as 
Grail  soils.  Belfield,  Daglum,  and  Rhoades  soils  have  natric  horizons  and 
are  on  similar  positions  as  Grail  soils.  Cabba  soils  have  soft  sedimentary 
bedrock  within  20  inches,  have  steeper  slopes  and  are  on  adjacent  upland 
convex  slopes.  Farland  soils  are  typically  on  terraces  and  are  fine— silty. 
Lawther  soils  have  more  clay  and  are  on  similar  positions  as  Grail  soils. 
Regent  soils  have  soft  swales  within  depths  of  40  inches  and  are  on  adjacent 
upland  convex  slopes.  Savage  soils  have  mollic  epipedons  less  than  16  inches 
in  thickness  and  typically  are  on  terraces.  Williams  soils  are  fine-loamy 
and  formed  in  glacial  till. 
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Drainage  and  Permeability:  Well  drained.  Runoff  is  slow  or  medium. 
Permeability  is  moderately  slow  or  slow. 

Use  and  Vegetation:  Most  areas  are  used  for  cultivated  crops  such  as 
wheat,  oats,  and  barley.  Native  vegetation  includes  mixed  grasses  such 
as  western  wheatgrass,  big  bluestem,  green  needlegrass,  and  needleandthread. 

Distribution  and  Extent:  Western  North  Dakota,  northwestern  South  Dakota, 
and  eastern  Montana.  The  soil  is  of  large  extent. 

Series  Established:  McKenzie  County,  North  Dakota,  1932. 
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HAVRE  SERIES 


The  Havre  series  consists  of  deep,  veil  drained  soils  that  formed  in  stratified 
on  stream  terraces  and  floodplains  and  are  nearly  level  to  moderately  sloping, 
precipitation  is  about  12  inches,  and  the  mean  annual  air  temperature  is  about 


alluvium.  Havre 
The  mean  annual 
41°  F . 


soils  are 


Taxonomic  Classi  Fine-loaray,  mixed  (calcareous),  frigid  Ustic  Torri fluvent s . 


Typical  Pedom  Havre  loam,  cultivated.  (Colors  are  for  dry  soil  unless  otherwise  noted.) 

Ap--0  to  8  inches;  grayish  brown  ( 1 OYR  5/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak  granular 
structure;  soft,  very  friable,  slightly  sticky  and  slightly  plastic;  moderately  effervescent;  moderately 
alkaline abrupt  wavy  boundary.  (5  to  10  inches  thick) 


Cl— 8  to  36  inches;  light  brownish  gray  (2.5Y  6/2)  loam  with  thin  lenses  of  fine  sandy  loam,  dark 
grayish  brown  (2.5Y  4/2)  moist;  massive;  slightly  hard,  very  friable,  slightly  sticky  and  slightly 
plastic;  common  fine  roots;  common  to  many  medium  and  fine  pores;  strongly  effervescent;  moderately 
alkaline  (pH  8.2);  clear  wavy  boundary.  (18  to  30  inches  thick) 

C2— 36  to  60  inches,  light  brownish  gray  (2.5Y  6/2)  loam  with  thin  lenses  of  fine  sandy  loam  and  silt 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  massive;  slightly  hard,  very  friable,  slightly  sticky  and 
nonplastic;  few  fine  and  very  fine  roots;  common  medium  and  fine  pores;  strongly  effervescent,  mcdeiately 
alkaline  (pH  8.2). 


Type  Location!  Blaine  County,  Montana;  1,050  feet  north  and  2,640  feet  east  of  SW  corner  of  section  33, 
T.32N. ,  R.23E. 

Range  in  Characteristics!  Mean  annual  soil  temperature  is  41*  to  47“F.  Hue  is  10YR  or  2.5Y,  value  is  5 
or  6  dry,  4  or  5  moist,  and  chroma  is  2  or  3  throughout  the  soil.  The  10-  to  40-inch  control  section  if 
typically  stratified  loam  and  fine  sandy  loam  and  averages  20  to  30  percent  clay  and  15  to  35  percent 
coarser  than  very  fine  sand.  The  principal  surface  textures  are  loam,  clay  loam,  silt  loam,  silty  clay 
loam  and  silty  clay.  Some  pedcns  have  1/2-  to  3-inch  thick  lenses  of  either  coarser  or  finer  material. 
Gravelly  substrata  occur  below  depths  of  40  inches  in  some  pedons.  Reaction  is  mildly  or  moderately 
alkaline. 

Competing  Series!  These  are  the  Benz  series  in  the  same  family  and  the  Havrelcn,  Hy3ham,  and  Haverson 
series^  Benz  soils  have  more  than  15  percent  exchangeable  sodium  throughout.  Havrelon  soil*  have  an 
ustic  moisture  regime.  Haverson  and  Hysham  soils  have  annual  soil  temperature  of  47  to  59  F. 


Geographic ' Set t ing i  Havre  soils  are  nearly  level  to  moderately  sloping  and  are  on  tlcodplains  and  stream 
terraces  at  elevations  of  2,000  to  3,500  feet.  They  formed  in  -alcareous  stratified  loamy  alluvium.  Mean 
annual  temperature  is  38“  to  46°F;  mean  January  temperature  is  5*  to  20  F.,  and  mean  July  cemperatuie  is 
65*  to  70*F .  Annual  precipitation  is  10  to  14  inches,  most  of  vrtiich  falls  during  the  spring  and  early 
summer.  The  (32“F.)  growing  season  is  90  to  135  days. 

Geographically  Associated  Soilsi  These  are  the  Bowdoin,  Glendive,  Harlem,  and  Wolf  Point  soils.  Bowdeia 
•oils  have  a  very— fine  control  section.  Glendive  soils  have  a  coarse— loamy  control  section.  Harlem  and 
Wolf  Point  soils  have  a  fine  control  section. 


Drainage  and  Permeability i  Well  drained;  slow  runoff;  moderate  permeability. 

Ose  and  Vegetation!  These  soils  are  used  mainly  for  irrigated  croplamd  and  hayland.  Native  plants  ara 
western  wheatgrass,  bluebunch  wheatgrass,  green  needlegrass,  prairie  junegrass,  needleandthread ,  blue 
grama,  sagebrush  and  low  density  stands  of  cottonwood  trees. 

Distribution' and  Extend  Northern  and  central  Montana.  The  soils  are  extensive. 


geries  Established!  Milk  River  Area,  Montana,  1928. 
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Replaces  Hoven  series 


Established  Seri es 
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HE1 L  SERIES 

The  Hei 1  series  consists  of  deep,  poorly  drained,  very  slowly  permeable  soils  tnat  formed  in 
clayey,  calcareous  alluvium.  Slopes  are  less  than  i  percent.  Mean  annual  temperature  is  43  F,  and 
mean  annual  precipitation  is  15  inches. 

Taxonomic  Class:  Fine,  montmori 1 1 oni ti c ,  frigid  Typic  Natraquolls. 

Typical  Pedon:  Hei  l  silty  clay  in  native  grar-sland.  (Colors  are  for  moist  soil  unless  other¬ 
wise  stated .  ) 

A2--G  Lo  3  inches;  dark  gray  ( 1 GYR  4/1)  silty  clay,  light  gray  ( 1 OYR  6/1)  dry;  common  fine 
prominent  brown  (10YR  5/3)  and  dark  brown  (10YR  4/3)  mottles;  moderate  fine  subangular  blocky  and 

weak  fine  platy  structure;  firm;  many  roots  and  fine  pores;  neutral;  abrupt  wavy  boundary.  (1  to  4 

inches  thick) 

B21t--3  to  7  inches;  very  dark  gray  (2.5Y  3/1)  silty  clay,  gray  (2.5Y  5/1)  dry;  strong  coarse 
and  medium  columnar  structure  parting  to  strong  coarse  medium  and  fine  angular;  extremely  hard, 
very  firm;  roots  in  cracks  and  blocks,  few  pores;  mildly  alkaline;  gradual  smooth  boundary. 

B22t  — 7  to  24  inches;  very  dark  gray  (5Y  3/1)  silty  clay,  gray  (5Y  5/1)  dry;  strong  very  coarse 

prismatic  structure  parting  to  strong  coarse  and  medium  angular  blocky;  extremely  hard,  very  firm; 
few  roots;  surface  of  peds  have  a  glossy  appearance  when  moist;  few  tongues  of  A2  (5Y  6/1)  dry; 
moderately  alkaline;  gradual  wavy  boundary.  (Combined  thickness  of  the  B2  horizon  is  6  to  28 
3.nches) 

B3--24  to  38  inches;  dark  gray  (5Y  4/1)  silty  clay,  light  gray  (5Y  6/1)  dry;  moderate  coarse 
angular  blocky  structure;  extremely  hard,  very  firm;  strong  effervescence;  moderately  alkaline; 
gradual  wavy  boundary.  (0  to  17  inches  thick) 

Clg— 38  to  44  inches;  dark  gray  (5Y  4/1)  silty  clay,  light  gray  (5Y  6/1)  dry;  weak  coarse  and 
fine  angular  blocky  structure;  very  firm,  few  fine  gypsum  crystals;  strong  effervescence; 
moderately  alkaline;  diffuse  boundary.  (2  to  10  inches  thick) 

C2g--44  to  52  inches;  olive  (5Y  4/3)  silty  clay,  pale  olive  (5Y  6/3)  dry;  weak  coarae 
subangular  blocky  structure;  very  firm;  common  gypsum  crystals;  strong  effervescence;  strongly 
alkaline;  gradual  boundary.  (8  to  20  inches  thick) 

C3g — 52  to  60  inches;  olive  (5Y  5/4)  silty  clay,  pale  olive  (5Y  6/3)  dry;  many  mottles  of 
strong  brown  (7.5YR  5/6),  yellowish  brown  (10YR  5/6;  and  gray  (5Y  5/1);  massive  few  large  white  soft 
oiasses  of  lime  nodules;  strong  effervescence;  strongly  alkaline. 

Type  Location:  Slope  County,  North  Dakota;  about  6  miles  east  and  2  miles  north  of  Amidon;  650 
feet  west  and  20  feet  south  of  the  NE  corner  of  sec.  14,  T.  135  N.,  R.  100  W. 

Range  in  Characteristics:  Depth  to  carbonates  range  from  15  to  38  inches.  Some  pedons  have  A1 
horizons  1  to  3  inches  "thick.  Total  thickness  of  entire  A1  and  A2  horizons  ranges  from  1  to  4 
inches.  Visible' salts  are  in  the  B3  and  Cg  horizons  of  some  pedons. 

The  A2  horizon  has  hue  of  10YR ,  2.5Y  or  5Y,  value  of  3  to  5  moist  and  4  to  6  dry,  and  chroma  of 

]  .  It  is  silt  loam,  silty  clay  loam  or  silty  clay.  It  is  medium  acid  to  neutral. 

The  B2  horizon  has  hue  of  10YR ,  2.5Y  or  5Y,  value  of  3  or  4  moist,  and  4  or  5  dry,  and  chroma  of 

i  or  2.  It  is  silty  clay  or  clay  estimated  to  average  between  45  to  60  percent  clay.  It  is  neutra„ 

t.o  strongly  alkaline. 

The  Cg  horizon  is  silty  clay,  clay,  silty  clay  loam,  loam  or  clay  loam.  Mottling  in  the  Cg 
horizon  is  lacking  in  some  pedons  and  in  other  mottles  are  few  or  common,  and  faint  or  distinct.  It 
is  moderately  alkaline  or  strongly  alkaline.  Till  or  soft  bedrock  is  below  depths  of  40  inches  in 
Some  peuous . 
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ComueLint-  Series:  'rese  are  the  Hvan  and  Hanslo  series  in  the  same  family  and  the  Dimmick, 
Harrii*T^liov?u,'-McEen2i**»  w*  Short-,,  srr.es.  Ryar.  sells  have  thicker  mollic  Ppipedr.ua  and  contain 
ree  caihenalea  and  lock  *2  tu-rizeex.  Ron.lo  soils  have  thicker  *1  and  A2  kor.zohs  _  Ditnick  soils 

ark  natric . .  karri. I  'oils  -onlain  I  ree  earbeeates  wth.n  depths  o.  U  i->-  •  »nd  are 

•r  urined  in  slvat  a  1  a.-d  alluvium.  liwe,.  soils  !m /e  m  .-sic  tempera  Lures  .  novenzie  sons  iacK  m  ill 
opipedons  and  natrik  horizons.  Shonkin  soils  lack  rrollic  epipedons  and  have  mesic  temperatures. 

Geographic  Setting  The  Hei  1  soils  are  in  flat  enclosed  depressions.  Slope  gradients  are 
ess  trf^perTentr  The  soils  formed  in  clayey  calcareous  alluvium.  Mean  annual  temperature 
ranges  from  !S8  to  45°  F,  and  mean  annual  precipitation  from  12  to  16  inches. 

Geographical Iv  Associated  Soils:  These  are  the  Amor,  Cabba ,  Dimmick,  Harriet,  McKenzie,^ 
Morton  Reed Regent,  Sen,  WilH^is  and  Zahl  soils.  Dimmick  and  McKenzie  soils  are  in  the  same 
l.asins'adjat  eiit  to  the  Hail  sets.  IH.-ick  toil,;  lack  except  sod,™  and  •'«  very  poorly  drained. 
.McKenzie  soils  lack  a  natric  horizon.  Harriet  so,..  Ire  in  bottomlands  and  low  terraces  Amor 
Cabba,  Morton,  Reeder,  Regent,  Sen,  Williams  and  Zahl  soils  are  well  drained  soils  that  are 
higher  position?;  nr.  the  Landscape  and  lack  natric  horiiuus. 


.  hOtiS  01*  t  UW  L  U1IV1  O  \ 


„  A 
apt.  C*  i  I  *  J 


Drainage  and  Permeability:  Poorly  drainei.  Ponded  after  heavy  ra.ns  and  melt  waters  from 
snow.  Permeability  is  very  slow. 

Use  and  Vegetation;  Most  of  these  soils  are  used  for  rangeland  and  hay.  Vegetation  is  mixed 

'  3  *  - nrsiiic  CO  luxiTSSS  dfiu  COiufiiOii  S pi. iv.tr S e u gt? . 

grasses  and  [.edges  i  titottm  r 1  a  J  ^  & 

Distrib it  ion  and  Extent:  Western  North  Dakota,  eastern  Montana,  northwestern  South  Dakota. 
The  soil  is  of  moderate  extent. 


Series  Established:  Bowman  County,  North  Dakota,  1969. 
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Replace  Promise  series 


Established  Series 
Rev.  GbM 
6/6/80 


LAWTHER  SERIES 

The  Lawther  series  consists  of  deep,  well  drained,  slowly  permeable  soils  that  formed  in 
calcareous  clayey  sediments.  These  soils  are  on  uplands,  fans,  and  terraces  and  slopes  of  0  to 
9  percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitation  is  16  inches. 

Taxonomic  Class:  Fine,  montmorillonitic  Vertic  Haploborolls . 

Typical  Pedon.  Lawther  silty  clay  on  a  north~facing  plane  slope  of  1  percent  in  a 
cultivated  field.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described,  the  soil 
was  moist  throughout.) 

Ap— 0  to  5  inches;  dark  gray  (10YR  4/1)  silty  clay,  very  dark  brown  (10YR  2/2)  moist; 
moderate  very  fine  granular  structure;  very  hard,  friable,  sticky,  and  very  plastic;  many  fine 
roots;  slight  effervescence;  moderately  alkaline;  abrupt  smooth  boundary.  (4  to  12  inches  thick) 

B2--5  to  20  inches;  dark  grayish  brown  (2.5Y  4/2)  silty  clay,  very  dark  grayish  brown 
(2.5Y  3/2)  moist;  weak  coarse  prismatic  structure  parting  to  moderate  fine  angular  blocky;  very 
hard,  friable,  sticky,  and  very  plastic;  common  fine  roots  and  fine  pores;  thin  films  of  very  dark 
gray  (2.5Y  3/1)  moist  on  faces  of  peds;  slight  effervescence;  moderately  alkaline;  gradual  wavy 
boundary.  (10  to  20  inches  thick) 

B3cs--20  to  32  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  very  dark  grayish  brown 
(2.5Y  3/2)  moist;  weak  coarse  prismatic  structure  parting  to  moderate  fine  angular  blocky; 
extremely  hard,  firm,  sticky,  and  very  plastic;  occasional  fine  roots;  few  fine  pore;  thin  films 
of  very  dark  gray  (2.5Y  3/1)  moist  on  faces  of  peds;  common  fine  gypsum  crystals;  slight 
effervescence;  moderately  alkaline;  gradual  wavy  boundary.  (0  to  15  inches  thick) 

Clcacs--32  to  44  inches;  olive  gray  (5Y  5/2)  silty  clay,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  weak  very  coarse  prismatic  structure  parting  to  weak  fine  angular  blocky;  very  hard,  firm, 
sticky,  and  very  plastic;  many  fine  gypsum  crystals;  many  fine  accumulations  of  lime;  strong 
effervescence;  moderately  alkaline;  gradual  boundary. 

C2cs  44  to  60  inches;  pale  olive  (5Y  6/3)  silty  clay,  olive  (5Y  5/3)  moist;  weak  medium 
angular  blocky  structure;  very  hard,  friable,  sticky,  and  plastic;  few  gypsum  crystals;  strong 
effervescence;  moderately  alkaline. 

Type  Location;  Stark  County,  North  Dakota;  about  6%  miles  north  and  1^  miles  east  of 
Richardton;  2,640  feet  east  and  215  feet  north  of  the  SW  corner  of  sec.  35,  T.  141  N.,  R.  92  W. 

Range  in  Characteristics:  Solum  thickness  ranges  from  20  to  more  than  40  inches.  The 
®®Hic  epipedon  ranges  from  7  to  more  than  20  inches  in  thickness.  The  soil  typically  contains 
free  carbonates  to  the  surface,  but  some  pedons  lack  carbonates  to  depths  of  30  inches.  When  the 

is  dry,  cracks  1/2  to  2  inches  wide  and  several  feet  long  extend  downward  through  the  solum. 
Typically,  the  series  control  section  averages  between  45  to  60  percent  clay  and  30  to  55  percent 
silt. 


The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  1  or  2 
dry  or  moist.  It  typically  is  silty  clay,  but  some  is  clay  or  silty  clay  loam.  It  is  neutral  to 
moderately  alkaline. 

The  B  horizon  has  hue  of  2.5Y  or  5Y,  value  of  4  or  5  and  2  to  4  moist,  and  chroma  of  1  to  3  dry 
or  moist.  It  is  clay,  silty  clay,  or  silty  clay  loam.  It  is  mildly  to  strongly  alkaline. 

The  C  horizon  has  hue  of  2.5Y  or  5Y,  value  of  4  to  7  and  3  to  6  moist,  and  chroma  of  1  to  3 
dry  or  moist.  It  is  silty  clay,  clay,  or  silty  clay  loam.  It  is  moderately  or  strongly  alkaline. 
Segregated  lime  is  in  the  B3  and  upper  part  of  the  C  horizon  in  some  pedon.  Some  are  stratified 
or  laminated. 
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Competing  Series;:  This  is  the  only  series  in  this  family.  Similar  series  in  other  families 
are  the  Eltsac,  Grail,  Magnus,  Moreau,  Nutley,  Regent,  Savage,  and  Sinai  series.  Eltsac  soils 
contain  more  than  60  percent  clay  in  the  series  control  section.  Grail  and  Savage  soils  have 
B2t  horizons  which  average  between  35  and  45  percent  clay.  Magnus  soils  have  an  irregular 
decrease  in  organic  matter  content  with  depth.  Moreau  and  Regent  soils  have  bedded  shales  at 
depths  of  20  to  40  inches.  Nutley  and  Sinai  soils  are  usually  moist. 

Geographic  Setting:  Lawther  soils  are  on  level  to  sloping  uplands,  fans,  and  terraces. 
Slopes  are  plane  or  slightly  concave.  Slope  gradients  typically  range  from  0  to  4  percent,  but 
some  are  as  steep  as  9  percent.  The  soil  formed  in  calcareous^clayey  sediments.  The  climate  is 
cool,  semiarid.  Mean  annual  temperature  ranges  from  38  to  45  F,  and  mean  annual  precipitation 
from  14  to  17  inches.  Most  of  the  precipitation  comes  in  the  spring  and  summer. 

Geographically  Associated  Soils:  These  are  the  competing  Grail,  Moreau,  Regent  and  Savage 
soils,  and  the  Morton  and  Sen  soils.  Grail  and  Savage  soils  are  on  swales  and  terraces;  Moreau, 
Morton,  Regent,  and  Sen  soils  are  on  the  nearby  upland  plains.  The  Morton  and  Sen  soils  contain 
less  than  35  percent  clay  in  the  series  control  section  and  have  soft  bedrock  at  depths  of  20  to 
40  inches. 

Drainage  and  Permeability:  Well  drained.  Surface  runoff  is  slow  or  medium.  Permeability 
is  slow. 

Use  and  Vegetation:  Most  areas  are  cropped  to  wheat  and  other  small  grains.  Some  is  in 
native  grass.  Native  vegetation  includes  western  wheatgrass,  green  needlegrass,  blue  grama,  and 
forbs . 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  South  Dakota,  and  eastarn 
Montana.  The  soil  is  of  moderate  extent. 

Series  Established:  Bowmian  County,  North  Dakota,  August  1969. 
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Rev.  GBM 
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LEFOR  SERIES 

The  Lefor  series  consists  of  moderately  deep,  well  drained,  moderately  permeable  soils  that 
formed  in  soft  stratified  sandstone.  These  soils  are  on  uplands  and  have  slopes  of  0  to  15 
percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitation  is  16  inches. 

Taxonomic  Class:  Fine-loamy,  mixed  Typic  Argiborolls. 

Typical  Pedon:  Lefor  fine  sandy  loam  -  on  a  south-facing  convex  slope  of  5  percent  under 
tame  grass.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described,  the  soil  was  dry 
to  24  inches  and  moist  below.) 

Ap--0  to  7  inches;  grayish  brown  (10YR  5/2)  fine  sandy  loam,  very  dark  grayish  brown  (10YR 
3/2)  moist;  moderate  medium  subangular  blocky  structure  parting  to  moderate  medium  and  fine 
granular;  hard,  friable,  slightly  sticky;  many  roots;  many  fine  pores;  medium  acid  (pH  5.6); 
abrupt  smooth  boundary.  (5  to  9  inches  thick) 

B1--7  to  15  inches;  brown  (10YR  5/3)  fine  sandy  loam,  dark  brown  (10YR  3/3)  moist;  dark 
grayish  brown  (10YR  4/2)  coatings  on  faces  of  prisms;  strong  coarse  prismatic  structure  parting 
to  weak  coarse  to  fine  subangular  blocky;  hard,  friable,  slightly  sticky;  many  roots;  many  fine 
pores;  slightly  acid;  clear  wavy  boundary.  (0  to  11  inches  thick) 

B21t — 15  to  24  inches;  light  yellowish  brown  (2.5Y  6/3)  sandy  clay  loam,  olive  brown  (2.5Y 
4/4)  moist;  brown  (10YR  5/3)  coatings  on  faces  of  prisms;  strong  very  coarse  prismatic  structure 
parting  to  moderate  medium  angular  blocky;  very  hard,  friable,  slightly  sticky  and  slightly 
plastic;  common  roots;  many  fine  pores;  neutral;  gradual  wavy  boundary. 

B22t--24  to  30  inches;  light  yellowish  brown  (2.5Y  6/4)  sandy  clay  loam,  olive  brown  (2.5Y 
4/4)  moist;  thin  grayish  brown  (2.5Y  5/2)  coatings  on  faces  of  prisms;  strong  very  coarse 
prismatic  structure  parting  to  moderate  medium  angular  blocky;  very  hard,  friable,  slightly 
sticky  and  slightly  plastic;  few  fine  roots;  common  fine  pores;  mildly  alkaline;  clear  wavy 
boundary.  (Combined  thickness  of  B2t  horizons  is  8  to  22  inches  thick.) 

B3ca--30  to  36  inches;  pale  yellow  (2.5Y  7/4)  fine  sandy  loam,  light  olive  brown  (2.5Y  5/4) 
moist;  strong  very  coarse  prismatic  structure  parting  to  moderate  medium  angular  blocky;  hard, 
friable,  slightly  sticky  and  slightly  plastic;  few  roots;  common  fine  and  medium  pores;  few  fine 
soft  masses  of  carbonates;  strong  effervescence;  moderately  alkaline;  clear  wavy  boundary.  (0  to 
9  inches  thick) 

Cr — 36  to  60  inches;  pale  yellow  and  white  (2.5Y  7/4  and  8/4  and  5Y  8/2)  sedimentary  beds  of 
soft  fine  grained  sandstone,  light  yellowish  brown  and  light  gray  (2.5Y  6/4  and  5Y  7/2)  moist; 
sandstone  breaks  apart  to  laminar  or  platelike  structure;  gypsum  crystals  in  some  layers;  slight 
effervescence  in  some  layers  and  no  effervescence  in  others;  moderately  alkaline. 

Type  Location:  Stark1  County,  North  Dakota;  about  12  1/2  miles  south  and  8  miles  east  of 
Dickinson;  290  feet  east  and  2,555  feet  south  of  the  northwest  corner  of  sec.  13,  T.  137  X., 
R.  94  W. 

Range  in  Characteristics:  Solum  thickness  ranges  from  20  to  40  inches.  It  commonly  is  the 
same  as  the  depth  to  soft  sandstone. 

The  A1  or  Ap  horizon  has  hue  of  10YR  of  2.5Y,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of 
2  or  3  dry  or  moist.  It  is  loam,  sandy  loam,  or  fine  sandy  loam. 

The  B1  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  to  6  and  2  to  5  moist,  and  chroma  of  2  to  4 
dry  or  moist.  It  is  fine  sandy  loam,  loam,  or  sandy  loam.  It  has  weak  to  strong  prismatic 
structure  which  parts  to  weak  or  moderate  blocky  structure. 

The  B2t  horizon  has  hue  of  10YR  or  2.5Y,  value  of  5  to  7  and  4  to  6  moist,  and  chroma  of  2  to 
4  dry  or  moist.  It  is  sandy  clay  loam  or  loam  and  averages  between  18  and  27  percent  clay,  15  and 
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and  have  stains  of  organic  matter. 

u  .  nf  o  SY  or  10YR  value  of  5  to  8  and  4  to  6  moist,  and  chroma  of  2  to 
The  B3ca  horizon  has  hue  of  2  51  or  10  loam  and  contains  less  than  15  percent 

4  It  is  fine  sandy  loam,  sandy  loam,  loam,  or  y  y  horizon  except  it  has  weaker 

CaCO  .  Where  present,  the  Cca  horizon  is  similar  to  the  B3ca  horizon,  P 

structure . 

The  Cr  horizon  is  soft  fine-grained  sandstone. 

Cretin,  Series:  These  are  the  Dooley, 

Livona,  Martinsdale,  Moen,  Reeder,  Trag,  Vida,  ’  eries  ’  Dooley,  Empedrado,  Fairfield, 

family  and  the  Farland,  Flaxton,  Morton  ^  ^V^iliams ,  an/VeJn  series  all  lack 

Farnuf ,  Felor,  Greenway,  Livona,  Martinsdale ,  T  g,  ^  ^  soils  have  lithic  contact 

soft  sandstone  bedrock  at  depths  of  20  to  t  in  less  than  45  percent  fine  sand  and 

at  .  depth  of  20  to  40  inches.  Reeder  .oils  twtc.lly  contain  !«»  «»»  t(a*ures.  Flaxton  soils 

coarser,  and  contain  note  clay.  Tuf Sve fine  textures.  Vebar  soils 

have  mollic  epipedons  more  than  16  inches  thick.  Savage  sons 

lack  argillic  horizons  and  have  coarse-loamy  textures. 

Geoeraohic  Setting:  Lefor  soils  are  on  nearly  level  to  rollDJ i“I,larids'  ^Told^ Valley 
rangelir?  to  15  fluent.  The  soil.  fon»e< '  ^  S^atu^  38°  to  45°  F,  and  ~.n 

^r^recipUaUrVro1:  iTirb'inches.  Host  of  the  precipitation  coe.es  in  the  sprang  snd 
summer . 

neoaraohl rally  Associated  Soils:  These  are  th«.  "“'’“in^Morton, feeder Vebar  soils, 

and  Cabba,  Cohagen,  Flasher,  Parshall,  an  *  on  nearby  ’steep  hills  and  have  soft  bedrock 

nearby  uplands.  Cabba,  Cohagen,  an  a  soils  are  in  nearby  swales  or  on  terraces  and  lack 

:$5iX L:L20  inldd^X^L^textnresr  and  Parshall  soils  have  „olltc 

epipedons  more  than  16  inches  thick. 

tt  m  ^  noH  Surface  runoff  is  slow  or  medium.  Permeability 
Drainage  and  Permeability:  Well  draine  . 

is  moderate . 

Use  and  Vegetation:  Soils  are  cropped  to  sma * 1  uhraterass.  blue  granf,  and  a 

Native  vegetation  was  needleandthread,  praxne  sandre  , 

varietv  of  forbs. 

n; ct rihut ion  and  Extent:  Western  North  Dakota  and  northwester.  South  Dakota.  The  soil  is 
of  moderate  extent. 

Series  Established:  Stark  County,  North  Dakota,  1965. 

Remarks:  The  Lefor  soils  have  a  low  cation  exchange  capacity. 

Additional  Data:  S58NDak-45-21  SoU  Survey  Laboratory  and  S58NDak-4522  pages  153-153,  S.xl 
Survey  Investigations  Report  No.  2,  North  Dakota. 
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LIHEN  SERIES 


The  Lihen  series  consists  nf  deep,  well  drained  soils  that  formed  in  sandv  alluvium  and  eolian  deposits. 
Lihen  soils  are  on  terraces  and  uplands  and  are  nearly  level  to  strongly  sloping.  The  mean  annual 

precipitation  is  about  13  inches,  and  the  mean  annual  air  temperature  is  about  43<>F. 

Taxonomic  Class:  Sandy,  mixed  Entic  Haploborol Is . 

Ty£i££l_££don .  Lihen  loamy  fine  sand,  grassland.  (Colors  are  for  dry  soil  unless  otherwise  noted.) 

All— 0  to  3  inches;  dark  grayish  brown  ( 1 OYR  4/2)  loamy  fine  sand,  very  dark  brown  ( 1 OYR  2/2)  moist; 
weak  fine  granular  structure;  soft,  very  friable,  nonsticky  and  nonplastic;  many  fine  roots  and  pores; 
neutral  (pH  7.0);  clear  wavy  boundary. 

A1 2  3  to  19  inches;  dark  grayish  brown  (10YR  4/2)  loamy  fine  sand,  very  dark  brown  (lOY’R  2/2)  moist 

weak  coarse  prismatic  structure  parting  to  single  grained;  soft,  very  friable,  nonsticky  and  nonplastic; 
many  fine  roots;  neutral  (pH  7.2);  gradual  smooth  boundary.  (The  A  horizon  is  10  to  30  inch.js  thick.) 

AC— 19  tc  30  inches;  dark  grayish  brown  ( 1 OYR  4/2)  loamy  fine  sand,  very  dark  grayish  brown  (lOYg 
3/2)  moist;  single  grained;  loose;  common  fine  roots;  slightly  effervescent;  mildly  alkaline  (pH  7.6): 
gradual  smooth  boundary. 

Clca  32  to  45  inches;  light  gray  (10YR  7/2)  loamy  sand,  grayish  brown  ( 1 OYR  5/2)  moist;  single 
grained,  loose,  few  fine  roots;  few  lime  nodules  and  coatings  of  lime  on  sand  grains;  violently 
effervescent;  moderately  alkaline  (pH  8.0);  gradual  smooth  boundary. 

C2ca — 45  to  50  inches;  light  brownish  gray  (2.5Y  6/2)  sandy  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  massive;  soft,  very  friable,  nonsticky  and  nonplastic;  violently  effervescent;  moderately  alkaline 
(pH  8.0).  7 


Type  Location:  Roosevelt  County,  Montana;  section  23,  T.29N.,  R.53E. 

Range  in  Characteristics:  The  mean  annual  soil  temperature  is  41*  to  46°F.  Hue  is  1 OYR  or  2.5Y.  Some 
pedons  contain  up  to  10  percent  pebbles.  The  soils  are  mainly  10  to  36  inches  to  calcareous  material,  but 
some  pedons  are  calcareous  throughout. 


The  A  horizon  has  value  of  4  or  5  dry,  2  or  3  moist,  and  chroma  of  2  or  3.  It  is  loamy  fine  sand,  fine 
sandy  loam,  loamy  sand,  o'  sand.  This  horizon  is  neutral  or  mildly  alkaline. 


Some  pedons  lack  a  Cca  horizon  but  are  calcareous  throughout. 

The  C  horizon  has  value  of  4  through  7  dry,  3  through  5  moist  and  chroma  of  2  through  4.  It  is  loamy  fine 
sand,  fine  sand,  or  sand.  Some  pedons  contain  thin  lenses  of  sandy  loam  or  fine  sandy  loam.  This  horizon 
is  mildly  or  moderately  alkaline.  The  CaCC>3  equivalent  is  2  to  14  percent.  Some  pedons  lack  the 
underlying  sandy  loam  materials  and  are  sandy  to  depths  greater  than  60  inches. 


Competing  Series:  These  are  the  Telfer  series  in  the  same  family,  and  the  Blanchard,  Flasher,  and  Seroco 
senes.  Blanchard,  Flasher  and  Seroco  soils  lack  mollic  epipedons.  Also,  Flasher  soils  have  soft 
sandstone  at  depths  of  less  than  20  inches.  Telfer  soils  lack  lime  in  the  profile. 


Geographic  Setting:  Lihen  soils  are  nearly  level  to  hilly  and  are  on  stream  terraces  and  uplands,  at 
elevations  of  2,000  to  4,000  feet.  They  formed  in  wind  or  water  deposited  sandy  material.  Climate  is 
cool  semiarid  with  a  mean  annual  temperature  of  41°  to  46*F.  The  average  annual  precipitation  is  10  to  16 
inches,  most  of  which  falls  during  the  spring  and  early  summer.  The  32°F  growing  season  is  105  to  130 
days. 


Geographically  Associated  Soila:  These  are  the  Parshall  soils  and  the  competing  Blanchard  and  Flasher 
•Oils) Parshall  soils  have  sandy  loam  and  coarse  loam  textures  between  depths  of  10  and  40  inches. 

Drainage  and  Permeability:  Well  drained;  slow  runoff;  rapid  permeability. 

Dte  and  Vegetation:  Lihen  soils  are  used  for  dryland  cropland  and  for  range.  The  main  native  vegetation 
is  prairie  sandreed,  little  bluestem,  need leandthread ,  Indian  ricegrass,  prairie  junegrass,  western 
wheatgrass,  and  some  forbs  and  shrubs. 


Distribution  and  Extent:  Eastern  and  northern  Montana,  North  Dakota,  and  South  Dakota.  It  is  moderately 
extensive.  7 


Series  Established:  Central  Montana  Reconnaissance  Survey,  1946. 

National  Cooperative  Soil  Survey 
U.S.A. 


‘ 


Table  62 
Sheet  1  of  2 


Established  Series 
Rev .  GBM 
9/14/79 


MANNING  SERIES 

The  Manning  series  consists  of  somewhat  excessively  drained  soils  moderately  deep  to  sand  or 
sand  and  gravel.  Permeability  is  moderately  rapid  in  the  solum,  and  very  rapid  in  the  substratum. 
These  soils  formed  in  loamy  sediments  overlying  sand  and  gravel  on  stream  and  outwash  terraces. 
They  have  slopes  of  0  to  15  percent.  Mean  annual  temperature  is  42°  F,  and  mean  annual 
precipitation  is  16  inches. 

Taxonomic  Class:  Coarse-loamy  over  sandy  or  sandy-skeletal,  mixed  Typic  Haploborolls . 

Typical  Pedon.  Manning  fine  sandy  loam  -  on  a  south-facing  plane  slope  of  1  percent  under 
grass.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described,  the  soil  was  moist 
throughout . ) 

Ap  0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  very  dark  grayish  brown 
(10YR  3/2)  moist;  weak  medium  subangular  blocky  structure  parting  to  moderate  medium  granular; 
slightly  hard,  very  friable,  slightly  sticky,  slightly  plastic;  many  fine  roots;  many  fine  pores; 
few  pebbles;  neutral;  abrupt  smooth  boundary.  (4  to  8  inches  thick) 

B21--5  to  12  inches;  brown  (10YR  5/3)  fine  sandy  loam,  dark  brown  (10YR  3/3)  moist;  moderate 
coarse  and  medium  prismatic  structure  parting  to  moderate  medium  subangular  blocky;  hard,  very 
friable,  slightly  sticky,  slightly  plastic;  common  fine  roots;  many  fine  pores;  few  thin  clay 
films  on  faces  of  peds;  few  pebbles;  neutral;  gradual  wavy  boundary. 

B22--12  to  18  inches;  brown  (10YR  5/3)  fine  sandy  loam,  brown  (10YR  4/3)  moist;  moderate 
coarse  and  medium  prismatic  structure  parting  to  weak  medium  subangular  blocky;  slightly  hard, 
very  friable,  slightly  sticky,  slightly  plastic;  common  fine  roots;  common  fine  pores;  few  thin 
clay  films  on  faces  of  prisms;  few  pebbles  and  cobbles;  neutral;  clear  wavy  boundary.  (Combined 
B2  horizons  8  to  24  inches  thick.) 

Clca--18  to  23  inches;  light  brownish  gray  (2.5Y  6/2)  fine  sandy  loam,  dark  grayish  brown 
(2.5Y  4/2)  moist;  weak  coarse  prismatic  structure  parting  to  weak  medium  subangular  blocky; 
slightly  hard,  very  friable,  slightly  sticky,  nonplastic;  few  roots;  common  fine  pores;  about  10 
percent  gravel;  violent  effervescence;  common  fine  soft  masses  of  lime;  moderately  alkaline; 
clear  wavy  boundary.  (3  to  10  inches  thick) 

IIC — 23  to  40  inches;  light  yellowish  brown  (2.5Y  6/4)  sand  and  gravel,  olive  brown  (2.5Y 
4/3)  moist;  single  grain;  loose;  few  fine  roots;  about  25  percent  gravel  coarser  than  3/4  inch; 
few  cobbles;  some  pebbles  and  cobbles  have  thin  accumulations  of  lime  on  undersides;  strong 
effervescence  in  upper  part;  slight  effervescence  in  lower  part;  moderately  alkaline;  clear  wavy 
boundary.  (9  to  36  inches  thick) 

HC3--40  to  60  inches;  light  brownish  gray  (2.5Y  6/2)  sand  and  strata  of  fine  gravel,  dark 
grayish  brown  (2.5Y  4/2)  moist;  single  grain;  loose;  about  10  percent  gravel;  slight 
effervescence;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  about  4  1/2  miles  west  and  1  mile  south  of 
Dickinson;  600  feet  east  and  100  feet  south  of  the  NW  corner  of  the  NE  quarter  of  sec.  15,  T.' 139 
N. ,  R.  97  W. 

Range  in  Characteristics:  Solum  thickness  and  depth  to  free  carbonates  typically  ranges 
fro*  13  to  28  inches.  The  depth  to  sand  and  gravel  typically  is  20  to  34  inches  and  ranges  from  16 
to  40  inches.  The  soil  material  between  depths  of  10  inches  and  the  sand  and  gravel  averages 
between  35  and  50  percent  fine  sand  and  coarser  and  8  and  18  percent  clay.  The  mollic  epipedon 
ranges  from  7  to  16  inches  in  thickness. 

The  A  horizon  has  hue  of  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  2  or  3  dry  or 
moist.  It  typically  is  sandy  loam  or  fine  sandy  loam,  but  some  is  coarse  loam.  It  contains  as 
much  as  3  percent  by  volume  of  coarse  fragments. 

The  B2  horizon  typically  has  hue  of  10YR,  but  hue  of  2.5Y  is  in  the  lower  part  in  some 
pedons.  It  has  value  of  4  through  6  and  3  or  4  moist,  and  chroma  of  2  through  4  dry  or  moist;  It 
is  fine  sandy  loam,  sandy  loam,  or  coarse  loam.  It  contains  from  1  to  10  percent  by  volume  of 
coarse  fragments.  Some  pedons  have  B3  horizon. 
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The  Cc-a  horizon  has  hue  of  10YK  or  2.5Y,  value  of  5  through  7  and  4  through  6  moist,  and 
chroma  of  2  or  3  dry  or  moist.  It  is  sandy  loam,  fine  sandy  loam,  coarse  sandy  loam,  or  coarse 
loam.  It  contains  2  to  IS  percent  coarse  fragments  and  5  to  20  percent  calcium  carbonate. 

The  I1C  horizon  contains  strata  of  sand  and  gravel.  The  gravel  content  typically  averages 
between  35  and  75  percent  ;  over  25  percent  by  volume  is  over  3/A  inch  in  diameter. 

Competing  Series:  There  are  no  other  series  in  the  same  family.  Series  in  closely  related 
familFes  are  the  Axilla,  Bowdle,  Chanta,  Chinook,  Grantsdale,  Lehr  Mcllwaine  Parshall,  Stady, 
Tally,  and  Vebar  soils.  Arvilla  soils  are  moist  for  a  longer  period  and  have  A1  horizons  with 
chroma  of  1.  Bowdle,  Chanta,  Crantsdale,  Lehr,  and  Stady  soils  are  fine-loamy  over  sandy  or 
sandy-skeletal.  In  addition,  Bowdle  soils  have  mollic  epipedons  more  than  16  inches  thick  and 
Chanta  soils  are  dry  for  a  longer  period.  Chinook  soils  lack  sand  and  gravel  IIC  horizons. 
Mcllwaine  soils  have  mollic  epipedons  more  than  16  inches  thick.  Parshall  soils  have  mo  ic 
epipedons  more  than  16  inches  thick  and  lack  sand  and  gravel  IIC  horizons  within  depths  of  40 
inches.  Tally  soils  lack  sand  and  gravel  IIC  horizons  within  depths  of  AO  inches.  Vebar  soils 
have  soft  sandstone  bedrock  within  depths  of  20  to  AO  inches. 

Geographic  Setting:  Manning  soils  are  on  smooth  and  plane  nearly  level  and  gently  sloping 
stream  :nd  PoutwashTi7faces.  Slope  gradients  typically  are  less  than  5  percent  but  -o;e  are  a, 
steep  as  6  to  15  percent  on  terrace  edges  and  some  outwash  areas.  These  soils  formed  in  16  to  40 
inches  of  loamy  sediments  over  sand  and  gravel.  The  climate  is  semiarid.  hean  annual 
temperatures  range  from  38  to  45°  F,  and  mean  annual  precipitation  from  12  to  16  inches.  Most  of 
the  moisture  falls  in  the  spring  and  summer. 

Cenpranhirallv  Associated  Soils:  These  are  the  competing  Bowdle,  Lehr,  Parshall,  Stady, 
Tally  and  Vebar  soils,  the  Farland,  Straw,  Velva,  and  Wabek  soils.  All  of  these  soils  except  the 
Vebar’ soils  are  on  nearby  terraces,  commonly  at  different  levels.  Vebar  soils  are  on  nearby 
uplands  Farland  soils  are  fine-silty.  Straw  soils  have  irregular  decreases  in  organic  matter 
with  depth  and  thick  mollic  epipedons.  Velva  soils  are  on  nearby  high  floodplains  and  have  « 
irregular  decrease  in  organic  matter  with  depths.  Wabek  soils  are  on  steep  terrace  edge 
ridges  and  are  sandy-skeletal. 

Drainaee  and  Permeability:  Somewhat  excessively  drained.  Surface  runoff  is  slow. 

Permeability  is  moderately  rapid  through  the  solum  and  very  rapid  in  the  IIC  horizon. 

Use  and  Vegetation:  Soils  are  cropped  to  small  grains,  corn,  and  tame  grass  for  hay  and 
pasture.  Native 'vegeTItion  is  needleandthread ,  prairie  sandreed,  prairie  jvmegrass,  sun  sedge, 
threadleaf  sedge,  and  a  wide  variety  of  forbs. 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  South  Dakota ,  and  eastern 
Montana”!  The  soil  is  of  moderate  extent. 

Series  Establ ished :  Stark  County,  North  Dakota,  1963. 

Remarks:  The  typifying  pedon  contains  more  sand  in  the  40-  to  60-inch  layer  than  is  comma* 
for  the  Manning  series. 

Additional  Data:  S58NDak-45-l  Soil  Survey  Investigations  Report  No.  2,  pages  162  and  163 
and  SU72NDak-6-l  -  North  Dakota  Agricultural  Experiment  Station. 
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MOREAU  SERIES 

The  Moreau  series  consists  of  moderately  deep,  well  drained,  slowly  permeable  soils  that 
formed  in  soft  calcareous  alkaline  shales.  These  soils  are  on  sedimentary  upland  plains  and  have 
slopes  ranging  from  0  to  25  percent.  Mean  annual  temperature  is  42  F,  and  mean  annual 
precipitation  is  15  inches. 

Taxonomic  Class:  Fine,  montmorillonitic  Typic  Haploborolls . 

Typical  Pedon:  Moreau  silty  clay  on  an  east  northeast-facing  convex  slope  of  2  percent 
under  cropland.  (Colors  are  for  dry  soils  unless  otherwise  stated.  When  described,  the  soil  was 
moist  throughout.) 

Ap--0  to  6  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  weak  medium  subangular  blocky  structure  parting  to  moderate  very  fine  granular;  very 
hard,  friable,  sticky  and  plastic;  common  fine  roots;  many  fine  pores;  slight  effervescence; 
moderately  alkaline;  abrupt  smooth  boundary.  (4  to  10  inches  thick) 

B21 — 6  to  12  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  dark  grayish  brown  (2.5Y  5/2) 
moist;  weak  coarse  prismatic  structure  parting  to  strong  fine  subangular  blocky;  very  hard, 
firm,  sticky  and  plastic;  few  roots;  common  fine  pores;  strong  effervescence  (8  percent  CacO* 
equivalent);  moderately  alkaline;  gradual  wavy  boundary. 

B22--12  to  21  inches;  light  yellowish  brown  (2.5Y  6/4)  silty  clay,  olive  brown  (2.5Y  4/4) 
moist;  weak  coarse  prismatic  structure  parting  to  moderate  medium  and  fine  subangular  blocky; 
very  hard,  firm,  sticky  and  plastic;  few  fine  roots;  common  fine  pores;  few  soft  yellowish  brown 
(10YR  5/6)  moist  iron  stains  1/4  to  4  inches  in  diameter;  few  fine  gypsum  crystals;  strong 
effervescence,  (10  percent  CaCO  equivalent);  moderately  alkaline;  clear  wavy  boundary. 
(Combined  B2  horizon  is  5  to  20  inches  thick.) 

C — 21  to  29  inches;  light  olive  gray  (5Y  6/2)  silty  clay,  olive  gray  (5Y  4/2)  moist;  weak 
coarse  subangular  blocky  structure;  very  hard,  firm,  sticky  and  plastic;  few  fine  roots;  few 
fine  pores;  few  gypsum  crystals;  strong  effervescence  (14  percent  CaCO^  equivalent);  laminations 
inherited  from  soft  platy  shale  throughout;  moderately  alkaline;  clear  wavy  boundary.  (4  to  12 
inches  thick) 

Cr--29  to  60  inches;  light  olive  gray  (5Y  6/2)  soft  platy  shale;  common  nests  of  gyp^nm 
crystals;  very  hard  and  brittle  when  dry;  strong  effervescence;  moderately  alkaline. 

Type  Location:  Slope  County,  North  Dakota;  about  9  miles  east  and  9  1/2  miles  south  of 
Amidon;  130  feet  east  and  2,615  feet  south  of  the  northwest  corner  of  sec.  9,  T.  133  N.  ,  R.  99  ¥. 

Range  in  Characteristics:  Solum  thickness  typically  is  20  to  24  inches  and  ranges  fron  IS 
to  38  inches.  The  soil  typically  contains  2  to  15  percent  calcium  carbonate.  The  depth  to  soft 
shale  commonly  is  20  to  30  inches  and  ranges  from  20  to  40  inches. 

The  A  horizon  has  hue  of  2.5Y  or  10YR,  value  of  4  or  5  and  2  or  3  moist.  It  typically  1 • 
silty  clay  but  is  clay,  silty  clay  loan^  or  clay  loam  in  some  pedons. 

The  B2  horizon  has  hue  of  10YR  or  2.5Y,  and  rarely  5Y;  value  of  5  or  6  and  3  to  5  moist;  amd 
chroma  of  2  to  4.  It  is  silty  clay,  clay,  or  silty  clay  loam.  It  typically  averages  betweem  45- 
and  55  percent  clay  but  ranges  from  35  to  60  percent.  It  has  weak  or  moderate  grades  of 
prismatic  structure  parting  to  weak  to  strong  subangular  or  angular  blocky. 

Some  pedons  have  a  B3ca  or  Cca  horizon. 

The  C  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  to  7  and  4  to  6  moist,  and  chroma  of  2  te  4. 
It  is  clay  or  silty  clay,  and  rarely  silty  clay  loam;  and  contains  35  to  60  percent  clay.  It 
contains  few  to  many  gypsum  crystals  and  lime  diffused  or  in  soft  masses.  It  has  an  EC  greater 
than  2  mmhos  per  cm  and  ESP  of  4  to  12. 
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f  „v  o  sy  value  of  5  to  7,  and  chroma  of  2  to  4.  It  is 
The  Cr  material  has  hue  of  5Y  or  2  .5  ’  \  contains  crystals  or  lenses  of  gypsum  and  is 

laminated  in  some  pedons  and  massive  in  others, 
moderately  or  strongly  alkaline. 

Competing  Series:  These  are  the  Wini  * Hon  Series!  ^ini  f  reveries  have ’disti  net 

ess  sr 

cracks  extending  to  20  to  30  inches  belov,  the  snrf.cejhe  ^  ^  R  t  ,oll.  have 

a  paralithic  contact  within  a  depth  o£  20  inches. 

Oeographicai^:  Horean  soils 

upl.ndVuiL.  Slope  gradients  commonly  a .re  2  to  5  per  cl'imate  is  cool,  semiarid.  The  mean 
soils  formed  in  soft  calcareous  alkaline  sh^  lhe  „,ea„  a„„nal  precipitation  ranges  from  14  to 

T&ZrZZZ  the^precipitation  comes  i'n  the  spring  and  summer. 

si  “ =r  • 

swales  and  terraces.  Regent  soils  are  on  siltstone  at  shallow  depths  and  are 

and  Sen  soils  are.  on  nearby  uplands.  Cabba  s  h  Daglum  and  Rhoades  soils  have  a  natne 

on  steep  slopes.  Morton  and  Sen  soils  are  fine  silt^  g  ex  with  Moreau  soils  in  some 

are»s°n"  Gr^Ll  s^As^a^e  ^n^nearby^  con^avee^,^aCl^Ss,.  They  have  a  mollic  epipedon  more  than  16 
inches  thick. 


n^nar  and  Permeability  Well  drained.  Runoff  is 


medium  or  rapid.  Permeability  is 


$  X  OW  . 

Use  and  Vegetation:  Soils  are  cr°P£^ 
jjative^vegetatTo^Ts^estern  wheatgrass,  blue  grama,  gr 

Dislntion  Southwestern  horth  Oakota,  northwestern  South  d.kota,  and 

eastern  Montana.  The  soil  is  extensive. 

Series  Established:  Wibaux  County,  Montana,  1956. 

S54NDak-21-2  in  Soil  Survey  Investigation  Report  No.  2,  pp.  194-19  . 
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MORTON  SERIES 


The  Morton  series  consists  of  moderately  deep,  well  drained,  moderately  permeable  soils  that 
formed  in  material  weathered  from  soft  calcareous  silty  shales,  siltstones,  and  fine  grainea 
sandstones.  These  soils  are  on  uplands  and  have  slopes  of  0  to  10  percent.  Mean  annual 
temperature  is  42°  F,  and  mean  annual  precipitation  is  15  inches. 


Taxonomic  Class:  Fine-silty,  mixed  Typic  Argiborolls. 

Typical  Pedon:  Morton  silt  loam  -  native  grassland.  (Colors  are  for  dry  soil  unless 
otherwise  stated.) 


Al— 0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  grayish  brown  (10YR 
3/2)  moist;  moderate  granular  structure  grading  to  prismatic  in  the  lower  part;  friable;  many 
roots;  many  fine  pores;  neutral;  clear  smooth  boundary.  (3  to  12  inches  thick) 


B21t — 5  to  11  inches;  dark  grayish  brown  (10YR  4/2)  silty  clay  loam,  very  dark  grayish  brown 
(10YR  3/2)  moist;  moderate  medium  prismatic  structure  parting  to  moderate  medium  angular  blocky; 
friable;  many  roots;  many  fine  pores;  thin  continuous  clay  films  on  peds;  neutral;  gradual  smooth 

boundary . 


B22t— 11  to  18  inches;  brown  (10YR  5/3)  silty  clay  loam,  dark  brown  (10YR  4/3)  moist; 
moderate  medium  prismatic  structure  parting  to  medium  and  fine  angular  blocky;  friable;  common 
roots;  common  medium  pores;  thin  clay  films  of  dark  grayish  brown  (10YR  4/2)  on  peds;  mildly 
alkaline;  clear  irregular  boundary.  (Combined  thickness  of  B2  horizons  is  6  to  22  inches  thic  . j 


B3ca--18  to  26  inches;  light  yellowish  brown  (2.5Y  6/3)  silty  clay  loam,  light  olive  brown 
(2.5Y  5/3)  moist;  moderate  coarse  and  medium  prismatic  structure  parting  to  weak  coarse  and 
medium  subanglar  blocky;  friable;  few  roots;  common  fine  pores;  strong  effervescence;  moderately 
alkaline;  gradual  wavy  boundary.  (0  to  10  inches  thick) 

Cca — 26  to  35  inches;  light  olive  gray  (5Y  6/2)  silty  clay  loam,  olive  gray  (5Y  5/2)  moist; 
weak  prismatic  structure;  few  roots;  few  fine  pores;  violent  effervescence;  moderately  alkaline; 
gradual  boundary.  (2  to  10  inches  thick) 

Cr — 35  to  60  inches;  platy  soft  siltstone  and  soft  shale. 


Type  Location:  Hettinger  County,  North  Dakota;  0.15  mile  east  of  NW  corner  sec.  21, 

T.  136  N. ,  R.  95  W. 

Range  in  Characteristics:  The  depth  to  carbonates  ranges  from  11  to  30  inches,  and  the 
depth  to  soft  shale  or  siltstone  ranges  from  20  to  40  inches. 

The  A  horizon  is  silt  loam,  loam,  silty  clay  loam,  or  clay  loam.  Glacial  stones  are  common 
in  the  surface  layer  in  the  eastern  and  northern  part  of  the  geographic  range  of  the  soil  and  a 
stony  phase  is  recognized.  It  is  slightly  acid  or  neutral. 

The  B2t  horizon  has  hue  of  7.5YR,  10YR,  or  2.5Y,  value  of  4  to  6,  and  chroma  of  2  to  4.  It  is 
loam,  silt  loam,  or  silty  clay  loam  and  commonly  20  to  26  percent  clay,  but  range  of  o 

35  percent  is  permitted.  It  typically  has  moderate  or  strong  coarse  to  fine  prismatic  and  angular 
or  subangular  blocky  structure.  Peds  in  the  B2t  horizon  have  thin  continuous  or  patchy  clay 
films.  It  is  neutral  or  mildly  alkaline. 

The  B3ca  horizon  and  the  Cca  horizon  contain  both  diffuse  and  segregated  lime;  the  calcium 
carbonate  equivalent  is  10  to  20  percent.  The  Cca  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  to  7, 
4  or  5  moist,  and  chroma  of  2  to  4.  The  platiness  of  the  original  rock  structure  is  evident  in 
some  of  the  weathered  soft  shale  and  siltstone  layers;  others  are  massive.  It  is  mildly  or 
moderately  alkaline. 
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Competing  Series:  These  are  the  Farland,  Jekley,  and  Xavier  soils  in  the  same  family  and  the 
eld,  Grail,  Lefor,  Regent,  Savage,  Sen,  and  Williams  series.  Farland  soils  formed  in 
ium  and  lack  soft  bedrock  at  depths  of  less  than  AO  inches.  Jekley  soils  have  a  lithic 
ct  at  a  depth  of  20  to  AO  inches.  Xavier  soils  have  thinner  B2t  horizons  and  lack  soft 
ck  within  depths  of  AO  inches.  Belfield  soils  have  thin  albic  horizons  and  natric  horizons 
re  fine.  Grail  soils  have  mollic  epipedon  more  than  20  inches  thick  and  are  fine.  Lefor 
are  fine-loamy  and  lack  soft  bedrock  within  depths  of  AO  inches.  Regent  and  Savage  soils 
ine.  In  addition,  Savage  soils  lack  soft  bedrock  within  depths  fo  AO  inches.  Sen  soils  lack 
lie  horizons,  have  weather  structure,  contain  less  clay  and  more  silt,  and  carbonates  are  at 
ower  depths.  Williams  soils  are  fine  loamy  and  are  formed  in  glacial  till. 


Geographic  Setting:  Morton  soils  are  on  nearly  level,  undulating  and  rolling  plains.  Slope 
gradient  is  commonly  0  to  6  percent,  but  in  a  few  places  it  is  more  than  10  percent.  The  soils 
formed  in  material  weathered  from  soft  calcareous  silty  shales,  siltstones,  and  fine  grained 
sandstones.  Some  areas  have  a  thin  glacial  till  mantle.  Mean  annual  temperature  is  38°  to  45°  F, 
and  mean  annual  precipitation  is  12  to  17  inches.  Most  of  the  precipitation  comes  in  the  spring 
and  summer. 


Geographically  Associated  Soils:  These  are  the  Flasher  and  Werner  soils  on  the  steeper 
hilltops  and  ridges  and  the  Arnegard  or  the  competing  Grail  soils  in  the  concave  swales  and  flats 
below  the  Morton  soils,  and  the  competing  Farland  and  Savage  soils  mainly  in  the  stream  valleys  at 
lower  elevations.  The  competing  Belfield  and  Regent  soils  and  the  Rhoades  and  Vebar  soils  are  on 
the  same  plain  as  the  Morton  soils.  Arnegard  soils  are  deep  and  have  a  mollic  epipedon  greater 
than  16  inches  thick.  Flasher  soils  are  less  than  20  inches  deep  to  a  soft  bedrock  and  are  sandy. 
Rhoades  soils  have  natric  horizons  that  have  strong  prismatic  or  columnar  structure,  and  they  ' 
formed  in  strongly  alkaline  shales.  Vebar  soils  are  coarse-loamy  and  underlain  by  soft 
sandstone.  Werner  soils  are  less  than  20  inches  deep  to  a  paralithic  contact.  In  a  few 
localities  where  thick  glacial  till  is  intermixed  with  silty  residual  material,  the  competing 
Williams  soils  are  associated  with  Morton  soils. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  medium  or  rapid.  Permeability  is 
moderate. 

Use  and  Vegetation:  Cultivated  areas  are  used  for  growing  small  grains,  flax,  corn,  hey, 
and  pasture.  Native  vegetation  is  mid  and  short  prairie  grasses  as  western  wheatgrass,  green 
needlegrass,  and  blue  grama. 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  South  Dakota,  and  eastern 
Montana.  The  soil  is  extensive. 

Series  Established:  Morton  area.  North  Dakota,  1907. 


Rational  Cooperative  Soil  Survey 
U.S.A. 


Table  65 
Sheet  1  of  2 


Establ  i  s  1 1  ?  d  Scries 
Rev .  GBM 
11/16/78 


PARSHALL  SERIES 


The  Parshall  series  consists  of  deep,  well  drained,  moderately  rapid  permeable  soils  formed  in 
alluvium.  These  soils  are  on  terraces,  outwash  plains  and  upland  swales  and  have  slopes  of  0  to  l.> 
}>ercent .  M6an  annual  temperature  is  h* 


—  -5  i  j  ^ 

42°  F,  and  mean  annual  precipitation  is  16  inches. 


Taxonomic  Class:  Coarse-loamy,  mixed  Pachic  Haploborolls . 


Typical  Pedon:  Parshall  fine  sandy  loam  -  cultivated.  (Colors  are  for  dry  soil  unless 
otherwise  stated.) 

A1--0  to  14  inches,  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  very  dark  brown  (10YR  2/2) 
moist;  weak  coarse  subangular  blocky  structure  in  the  upper  part, 

in  lower  part;  very  friable;  many  roots;  neutral;  gradual  smooth  boundary.  (8  to  22  inches  t  J 

82-14  to  31  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  very  dark  grayish  brown 
flOYR  3/2)  moist-  weak  coarse  prismatic  structure  parting  to  weak  coarse  and  medium  subangular 
bloSy;^ very frirtle;  common  roots;  few  pores;  dark  stains  and  thin  patchy  films  on  vertical  ped 
faces;  sand  grains  coated;  neutral;  gradual  wavy  boundary.  (9  to  25  inches  thic  ) 

B3ca  — 3 1  to  37  inches;  grayish  Drown  (10YP.  5/2)  fine  sandy  loam,  dark  grayish  brown  (10YR  4/2  > 
moist-  weak  coarse  prismatic  structure;  very  friable;  few  roots;  few  fine  threads  of  lime  m  small 
root  channels;  violent  effervescence;  mildly  alkaline;  gradual  wavy  boundary.  (0  to  8  inches 

thick) 

Cca  —  37  to  49  inches;  light  brownish  gray  (10«  6/2)  fine  sandy  loam,  dark  grayish  brown  (10YR 
4/2)  moist;  weak  coarse  subangular  blocky  structure;  very  friable;  common  fine  threads  of 
segregated  lime,  violent  effervescence;  moderately  alkaline;  clear  wavy  boun  ary. 
thick) 

Ab-49  to  62  inches;  grayish  brown  (10YR  5/2)  sandy  loam,  very  dark  grayish  brown  (10YR  3/2) 
..oistfweak  very  coarse  subangular  blocky  structure;  very  friable;  slight  ef fervesceoce ;  -derate!. 

alkaline . 

Tvpe  Location:  Morton  County,  North  Dakota;  Northern  Great  Plains^ Field  Station  at  MaiwUa; 
1,560  feet  east  and  1,910  feet  south  of  NW  corner  sec.  33,  T.  139  N.,  R.  81  k. 

Ranee  in  Characteristics:  The  depth  to  carbonates  ranges  from  24  to  60  inches.  The  horizon  of 
carbonatr?- accumulation  is  too  thin  or  too  low  in  carbonates  for  a  calcic  horizon. 

The  A1  horizon  has  hue  of  10YR,  value  of  2  or  3,  moist  and  chroma  of  2.  The  A  horizon  is  ■wt 
ronmonly  fine  sandy  loam,  but  some  is  loam  or  sandy  loam. 

The  B2  horizon  has  10YR  hue,  value  of  2  or  3  moist,  and  chroma  of  2  through  4. 

The  C  horizon  typically  is  fine  sandy  loam  but  includes  sandy  loam  or  lo«j  fine  sand  orUjg 
sand  One  or  more  buried  A  horizons  are  beneath  the  solum  in  some  pedons.  These  are 
in  areas  of  the  soil  formed  in  glacial  outwash  or  wind  modified  material.  A  few small  peb  lea  * 
throughout  some  pedons.  Some  pedons  have  gravelly  or  silty  substrata  below  40  inches. 

Competing  Series:  These  are  the  Breece,  Redoes,  and  Ruso  soils  in  the  same  family 
Rlcndon^Embden,  Lihen,  Hanning,  Tally,  Vehar,  and  Vetal  s°iU.  Breec, < 

to  depths  of  40  inches  or  more  and  contain  more  coarser  sand  Hedoes  soils  are  less  than  24  i 
deep  ?o  an  accumulation  of  CaCO  Russ  soils  have  stratified  sand  and  gr avel  above  depths  of  40 
inches  Blendon  and  Vetal  soils  have  mesic  temperatures.  Embden  soils  have  Ap  horizons  that  a 
chroma  of  1  when  moist.  Lihen  soils  are  sandy.  Manning  soils  have  stronger  structure  in  the  B2 

horizon  and  sand  and  gravel  at  depths  of  15  to  30  inches.  Tally  *°ilS ^  Zl'll 

than  16  inches  thick.  Vebar  soils  have  mollic  epipedons  less  than  16  inches  thick,  and 

substratum  is  soft  sandstone. 
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PARSHAI.L  SERIES--! 

Geographic-  Setting:  Parshall  soils  are  on  nearly  level  high  terraces  along  river  valleys,  and 
also  on  outwash  plains  and  in  swales  in  uplands.  Slope  gradients  are  commonly  less  than  4  percent 
luil  ranges  from  0  to  Jo  percent.  The  soils  formed  in  alluvium.  Mean  annual  temperature  is  38°  F,  to 
45  1,  and  mean  annual  precipitation  is  12  to  16  inches. 

Geographically  Associated  Soils:  Soils  on  nearby  terraces  of  different  elevations  are  the 
silty  Farland  soils,  the  infrequently  flooded  Straw  soils  on  lower  terraces  and  the  Lehr  soils  on 
loamy  over  gravelly  outwash.  Soils  formed  in  residuum  on  plains  are  the  Cabba ,  Flasher,  and  Morton 
soils  and  the  competing  Vebar  soils.  Williams  soils  are  on  nearby  glaciated  plains.  The  competing 
Manning  and  "ally  soils  are  common  associates  as  are  the  competing  Lihen  soils  in  a  few  places. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  slow.  Permeability  is  moderately  rapid. 

Use  and  Vegetation:  Most  areas  cropped  to  small  grains,  flax,  tame  grass,  and  alfalfa. 
Native  vegetation  was  medium  and  short  prairie  grasses  as  green  needlegrass,  needleandthread , 
bluegrama,  upland  sedges  and  some  legumes. 

Distribution  and  Extent:  Western  North  Dakota,  northwestern  South  Dakota,  and  eastern 
Montana.  The  soil  is  moderately  extensive. 

Series  Established:  Northern  Great  Plains  Field  Station,  Mandan,  Morton  County,  North  Dakota, 

1960. 
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REGENT  SERIES 

The  Regent  series  consists  of  moderately  deep,  well  drained,  slowly  permeable  soils  formed  in 
residuum  weathered  from  alkaline  soft  shales.  These  soils  arc  on  upland  plains  and  ha\e  slopes  of  ._ 
to  25  percent.  Mean  annual  temperature  is  42  F,  and  mean  annual  precipitations  is  16  inches. 

Taxonomic  Class:  Fine,  montmor i 1 loni t i c  Typic  Argiborolls. 

Typical  Pedon:  Regent  silty  clay  loam  -  cultivated.  (Colors  are  for  dry  soil  unless 

otherwise  stated.) 


A1--0  to  10  inches;  dark  grayish  brown  (10YR  4/2)  silty  clay  loam,  very  dark  grayish  brown 
(10YR  3/2)  moist;  weak  medium  subarigular  blocky  and  moderate  fine  granular  structure;  firm, 
plastic;  common  fine  roots;  common  fine  pores;  neutral;  clear  smooth  boundary.  (5  to  10  inches 
thick) 

B21t— 10  to  18  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  dark  grayish  brown  (2.5Y  4/2) 
moist ;  weak  coarse  prismatic  structure  separating  to  strong  fine  angular  blocky;  firm,  plastic;  few 
roots;  common  fine  pores;  dark  grayish  brown  (10IE  4/2)  clay  films  on  laces  of  peds;  mildly 
alkaline;  clear  wavy  boundary.  (3  to  10  inches  thick) 

B22t--13  to  26  inches;  light  brownish  gray  (2.5Y  6/2)  silty  clay,  olive  brown  (2.5Y  4/3)  moist; 
weak  coarse  prismatic  structure  separating  to  moderate  medium  subangular  blocky;  firm,  plastic;  few 
roots;  common  very  fine  pores;  thin  clay  films  on  faces  of  peds;  few  faint  white  masses  of  lime; 
wildly  alkaline;  gradual  wavy  boundary.  (4  to  12  inches  thick) 

B3ca--26  to  39  inches;  pale  olive  (5Y  6/3)  silty  clay  loam,  olive  (5Y  5/3)  moist;  weak  coarse 
prismatic  structure  separating  to  moderate  medium  subangular  blocky;  firm,  plastic;  few’  fine  pores, 
common  fine  threads  and  few  nodules  of  lime;  strongly  effervescent;  moderately  alkaline;  clear  wavy 
boundary.  (0  to  22  inches  thick) 


Cr--39  to  62  inches;  pale  olive  (5Y  6/3)  soft  platy  shale;  moderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  northwest  corner  sec.  3,  T.  139  N.  ,  R.  97  W. 

* 

Range  in  Characteristics:’  Depth  to  soft  shale  bedrock  typically  is  30  to  40  inches  but  range;; 
from  20  to  40  inches.  The  mollic  epipedon  ranges  from  7  to  16  inches  in  thickness. 

The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  or  5,  2  or  3  moist,  and  chroma  of  2  or  3  dry  or 
woist.  It  is  clay  loam,  silty  clay  loam  or  silty  clay.  Reaction  is  slightly  acid  or  neutral. 


The  B2t  horizon  has  hue  of  10YR,  2.5Y  or  5Y.  value  of  4  through  6,  2  through  4  moist,  and  chroma 
of  2  or  3  dry  or  moist.  It  is  silty  clay  loam  or  silty  clay  and  typically  averaging  between  35  and 
50  percent  clay.  Reaction  is  mildly  alkaline  to  strongly  alkaline.  Most  pedons  have  lime  accumula¬ 
tion  in  either  the  B3ca  or  Cca  horizon.  These  horizons  commonly  contain  less  than  15  percent  CaCO^ 
equivalent. 


The  Cr  horizon  is  soft  alkaline  shale  which  is  stratified  with  silty  layers  in  some  pedons. 

Competing  Series:  These  are  the  Absarokee,  Eearpaw,  Danvers,  Delsan,  Mondamin,  Savage  ^and 
Vork  series  in  the  same  family  and  the  Darret,  Grail,  Moreau,  Morton,  and  Winifred  series.  The 
Absarokee  soils  have  hard  sandstone  bedrock  at  depths  of  20  to  40  inches.  Bearpaw,  Danvers,  Delson. 
Mondamin,  Savage  and  Work  soils  lack  bedrock  within  depths  of  40  inches.  In  addition,  pavers, 
Delson  and  Work  series  formed  in  alluvium;  Bearpaw  formed  in  glacial  till;  Mondamin  soils  formed  m 
slaciolacustrine  sediments;  and  Savage  soils  formed  in  alluvium  and  loess.  Darret  soils  have 
redder  hue  and  mixed  mineralogy.  Grail  soils  have  mollic  epipedons  over  16  inches  thick  and  have 
formed  in  alluvium.  Moreau  and  Winifred  soils  lack  argillic  horizons.  Morton  soils  are  fme-silty. 


Geographic  Setting:  Regent  soils  are  on  long  and  plane  or  slightly  convex 
plains.  The  slope  gradients  commonly  are  2  to  4  percent  but  range  to  25  percent, 
in  residuum  weathered  from  alkaline  soft  shales.  Mean  annual  temperature  ranges 
and.  mean  annual  precipitation  from  12  to  16  inches. 


slopes  of  upland 
The  soils  formed 
1  roni  J8  t  o  A 5  f  ■ 
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REGENT  SERIES — 2 

Geographically  Associated  Soils:  These  are  mainly  the  competing  Grail,  Moreau  and  Morton 
soils.  Grail  soils  are  in  concave  swales  and  fans  at  lower  elevations  and  Moreau  soils  are  on  the 
steeper  convex  slopes.  Morton  soils  are  in  nearby  landscapes.  Beckton,  Rhoades  and  Savage  soils 
are  adjacent  to  Regent  soils  in  some  localities.  Both  Beckton  and  Rhoades  soils  have  B2t  horizons 
having  strong  columnar  structure  and  have  strongly  alkaline  subsoils  and  substrata.  In  addition, 
Rhoades  soils  have  thin  A2  horizons.  Both  are  commonly  on  slightly  lower,  less  sloping  areas  than 
Regent  soils.  Savage  soils  are  on  nearly  level  terraces  in  nearby  stream  valleys. 

Drainage  and  Permeability:  Well  drained.  Runoff  is  slow  or  moderately  rapid,  depending  upon 
the  slope  gradient.  Permeability  is  slow. 

Use and  Vegetation:  Cultivated  areas  are  used  for  growing  small  grains,  flax,  hay  and 
pasture.  Native  vegetation  is  mid  and  short  grasses  such  as  western  wheatgrass,  green  needlegrass, 
blue  grama,  buffalograss  and  some  forbs  and  upland  sedges. 

Distribution  and  Extent:  Southwestern  North  Dakota,  eastern  Montana,  northwestern  South 
Dakota.  The  soil  is  extensive. 

Series  Established:  Wibaux  County,  Montana,  1944 

Additional  Data:  S54ND-45-3,  S54ND-21-1,  S58NE-13-1,  S58ND-45-4,  S58ND-45-9  and  S58ND-45-10 
in  Soil  Survey  Investigations  Report  No.  2,  pages  109-203. 
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RHOADES  SERIES 


The  Rhoades  series  consists  of  deep,  well  or  moderately  well  drained,  very  slowly  permeable 
soils  formed  in  stratified  loamy  and  cl ayey  mat ?r i a  Is  derived  from  saline-alkali  soft  shales.  These 
soils  are  on  upland  plains,  terraces  and  swales  and  have  slopes  of  0  to  25  percent.  Mean  annual 
temneratnre  is  &2°  F,  and  mean  annual  precipitation  is  16  inches. 


Taxonomic  Class  :  Fine,  montmori 1 1 oni t i c  Leptic  Natriborol Is . 


Typical  Pedon:  Rhoades  loam  -  grassland.  (Colors  are  for  dry  soil  unless  otherwise  stated.) 


fpry  Hark  grayish  brown  (10YR  3/2)  in o i c t. i 


A2--0  to  4  inches;  grayish  hrnwn  (10YR  5/2)  loam, 
moderate  medium  prismatic  structure  separating  to  moderate  and  strong  coarse  to  fine  platy; 
friable;  manv  roots;  common  fine  pores;  peds  coated  with  light  gray  (10YR  6/1)  uncoated  sand  grains, 
neutral;  abrupt  smooth  boundary.  (2  to  5  inches  thick) 


..  B2t--4  to  11  inches;  grayish  brown  (10YR  5/2)  clay  loam,  very  dark  grayish  brown  (10YR  3/2) 
moist:  strong  coarsp  columnar  structure  separating  to  moderate  fine  angular  blocky  in  lower  part; 
extremely  hard,  firm,  sticky,  plastic;  common  root:;  between  columns;  few  medium  common  fine  pores; 
columns  capped  with  a  light  gray  (10YR  7/1)  layer;  dark  grayish  brown  (10YR  4/2)  clay  films  on  faces 
of  peds;  few  gypsum  crystals  in  lower  part;  moderately  alkaline;  clear  wavy  boundary.  (5  to  20 
inches  thick) 


R3--11  to  16  inches;  grayish  brown  (2.5Y  5/2)  clay  loam,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  weak  coarse  prismatic  structure  separating  to  moderate  medium  and  fine  subangular  blocky 
extremely  hard,  firm,  cc.mmon  fine  pores;  thin  clay  films;  common  gypsum  crystals;  many  soft  masses 
cf  lime;  nonef fervescent  between  lime  masses;  strongly  alkaline;  gradual  wavy  boundary.  (0  to  15 
inches  thick) 


Clcs--16  to  35  inches:  light  brownish  gray  (2.5Y  6/2)  clay  loam,  olive-  brown  (2.5Y  4/4)  moist; 
weak  coarse  prismatic  structure  separating  to  moderate  medium  and  fine  subangular  blocky;  extremely 
hard,  firm;  common  fine  pores;  few  masses  of  lime;  common  coarse  and  fine  gypsum  crystals;  strong 
effervescence ;  strongly  alkaline;  gradual  boundary.  (10  to  25  inches  thick) 

C2— 35  to  49  inches;  olive  gray  (5Y  5/2)  clay  loam,  olive  (5Y  4/3)  moist;  weak  fine  and  mediiai 
subangular  blocky  structure;  extremely  hard,  firm;  few  large  nests  of  gypsum  crystals;  common  soft 
masses  of  lime;  strong  effervescence,  strongly  alkaline;  clear  wavy  boundary.  (10  to  25  inches 
thick) 

Cr— 49  t.o  60  inches;  olive  gray  (5Y  5/2)  soft  massive  silty  clay  shale;  strong  ef fervescenc*. 


Type  Location:  Stark  County,  North  Dakota;  360  feet  south  and  125  feet  west  of  the  NF.  comer 
cf  the  SE1/4  of  sec.  11,  T.  140  N.  ,  R.  99  W. 

Range  in  Characteristics:  Depth  to  soft  shale  is  over  40  inches.  Some  pedons  have  thin  A1 
horizons.  The  A1  and  A2  horizons  have  a  combined  thickness  of  1  to  5  inches.  The  A2  horizon  has  hue 
cf  10YR,  value  of  4  through  6  and  2  through  5  moist,  and  chroma  of  2  dry  or  moist.  The  A1  and  A2 
horizons  are  loam,  silt  loam  or  very  fine  sandy  loam,  fine  sandy  loam,  silty  clay  loam,  clay  loam, 
cr  silty  clay.  The  B2t  horizon  has  hue  of  10YR  cr  2.5Y,  value  of  3  through  5  and  2  or  3  moist,  aac! 
chroma  of  2  dry  or  moist.  It  is  silty  clay  loan,  clay  loam,  cLay  or  silty  clay  averaging  between  35 
and  50  percent  clay.  It  has  coarse  or  medium  columnar  structure  that  separates  to  blocky  in  some 
pedons.  It  is  firm  or  very  firm.  Clay  films  and  organic  stains  are  on  faces  of  columns.  Some 
pedons  have  E3cs  horizons. 

The  C  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  through  7  and  4  or  5  moist  and  chroma  of  2 
through  4  dry  or  moist.  It  commonly  is  clay  loan,  loam,  silty  clay  loam,  silty  clay  or  clay.  Jt  lias 
lew  to  common  salt  crystals. 
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Kli'JADLS  STrJES--- 

Competing  Scries:  These  are  the  Exline  sene:;  in  the  same  family  and  the  Ah  she.  r ,  Auger, 
Belfield,  Dag  1  uni  and  I.eunen  series.  F.xline  soils  have  A  horizons  with  color  chroma  of  1  and  have 
formed  in  lacustrine  sediments.  Absher  soils  lack  irollic  epiprdons.  Adger  and  Daglum  soils  lack 
visible  gypsum  crystals  or  nests  within  depths  of  ih  inches  Belfield  and  Iennep  soils  have 
(ongoing  or  2 nterf  mgerf  r.g  o 1  A2  material  extending  over  2  inches  into  their  natric  Horizons. 

Geographic  Setting:  Rhoades  soils  are  on  nearly  level  to  sloping  upland  plains,  terraces  and 
concave  swales.  Slope  gradients  commonly'  are  1  to  9  percent  but  range  from  0  to  25  percent.  The 
soils  formed  in  stratified  loamy  and  clayey7  materials  derived  from  saline-alkali  soft  shales.  Mean 
annual  temperature  ranges  from  40  to  45  F,  and  mean  annual  precipitation  from  13  to  17  inches. 

Geographical ly  Associated  Soils:  The  competing  Belfield  and  Daglum  soils  are  in  complexes 
with  Rhoades  soils  in  many  localities.  Arnegard,  Grail,  Lawther,  Morton,  Regent  and  Vebar  soils  are 
on  nearby  swales,  terraces  and  uplands.  All  lack  the  A2  horizons  and  B2t  horizons  that  have  strong 
columnar  structure. 
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rapid,  depending  upon  slope.  Permeability7  is  very  slow. 


Use  and  Vegetation:  Mostly  in  grassland  used  for  range  and  pasture.  Native  vegetation  is 
short  and  mic  prairie  grasses  such  as  western  vheatgrass,  blue  grama,  sedges,  and  also  some  legumes, 
prickly  pe’hr  and  clubmoss.  Some  areas  are  cultivated  mostly  to  small  grains. 

Distribution  and  Extent:  Southwestern  North  Dakota,  northwestern  Snath  Dakota,  and  eastern 
Montana.  The  soil  is  extensive. 


Series  Established:  McKenzie  County,  North  Dakota,  1932. 
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and  Wade  series.  Soils  formerly  included  in  the  Rhoades  series  but  now  separated  are  in  the  Absher, 
Feckton,  Belfield  and  Daglum  series. 


Additional  Data:  Type  location  lab  sample  number  S61ND-45-6.  Other  lab  samples  S54SD-53-1, 
S54SD-53-2  arid  S61ND-45-8. 
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SAVAGE  SERIES 


The  Savage  series  consists  of  deep,  well  drained,  clayey  soils  that  formed  in  alluvium.  Savage  soils  are 
on  fans  and  terraces.  The  mean  annual  precipitation  is  about  15  inches,  and  the  mean  annual  air 
temperature  is  43°F. 

Taxonomic  Class:  Fine,  montmorillonitic  Typic  Argiborolls. 

Typical  Pedon:  Savage  silty  clay  loam,  grassland.  (Colors  are  for  dry  soil  unless  otherw/ie  noted.) 

Al— 0  to  2  inches;  dark  grayish  brown  (2.5Y  4/2)  heavy  silt  loam,  very  dark  brown  (2.5Y  2/2)  moist; 
weak  thick  platy  structure;  hard,  friable,  slightly  sticky  and  plastic;  many  fine  and  few  medium  roots; 
many  fine  and  medium  pores;  neutral  (pH  7.4);  clear  wavy  boundary.  (2  to  7  inches  thick) 

B21t — 2  to  6  inches;  grayish  brown  (2.5Y  5/2)  heavy  silty  clay  loam,  very  dark  grayish  brown  (2.5Y 
3/2)  moist;  moderate  medium  and  coarse  prismatic  structure  that  separates  to  moderate  medium  blocky;  very 
hard,  firm,  very  sticky  and  very  plastic;  thin  patchy  clay  films  on  faces  of  peds;  common  very  fine  roots; 
common  fine  tubular  pores;  neutral  (pH  7.4);  clear  wavy  boundary.  (2  to  4  inches  thick) 

B22t — 6  to  16  inches;  dark  grayish  brown  ( 2 . 5Y  4/2)  silty  clay,  very  dark  grayish  brown  (2.5Y  3/2) 
moist;  moderate  medium  and  coarse  prismatic  structure  that  separates  to  strong  medium  blocky;  very  hard, 
firm,  very  sticky  and  very  plastic;  continuous  clay  films  on  faces  of  peds;  common  very  fine  roots;  common 
fine ' tubular  pores;  mildly  alkaline  (pH  7.6);  clear  wavy  boundary.  (10  to  18  inches  thick) 

63ca— 16  to  23  inches;  grayish  brown  (2.5Y  5/2)  silty  clay,  dark  grayish  brown  (2.5Y  4/2)  moist; 
strong  coarse  prismatic  structure  that  separates  to  moderate  medium  and  coarse  blocky;  very  hard,  very 
firm,  very  sticky  and  very  plastic;  few  very  fine  and  fine  roots;  few  fine  pores;  moderately  effervescent; 
common  fine  threads  and  soft  medium  masses  of  lime;  moderately  alkaline;  gradual  wavy  boundary.  (5  to 
inches  thick) 


Clca — 23  to  29  inches;  olive  ( 5Y  5/3)  silty  clay,  olive  ( 5Y  4/3)  moist;  weak  coarse  prismatic 
structure  that  separates  to  moderate  medium  blocky;  very  hard,  very  firm,  very  sticky  and  very  plastic; 
few  fine  roots;  common  very  fine  and  fine  pores;  strongly  effervescent;  common  fine  threads  and  medium 
soft  masses  of  lime;  moderately  alkaline;  gradual  wavy  boundary.  (5  to  15  inches  thick) 


C2—29  to  39  inches;  olive  (5Y  5/3)  light  silty  clay,  olive  ( 5Y  4/3)  moist;  weak  medium  blocky 
structure;  very  hard,  very  firm,  very  sticky  and  very  plastic;  few  fine  roots;  common  fine  pores;  strongly 
effervescent;  common  fine  threads  and  medium  soft  masses  of  lime;  moderately  alkaline;  diffuse  irregular 
boundary.  (5  to  15  inches  thick) 


C3 — 39  to  61  inches;  pale  olive  ( 5Y  6/3)  silty  clay  loam,  olive  ( 5Y  4/3)  moist;  massive;  hard,  firm, 
sticky  and  plastic;  few  pores  and  fine  roots;  strongly  effervescent;  few  fine  soft  masses  of  lime; 
moderately  alkaline. 


Type  Location:  Big  Horn  County,  Montana; 
Sw corner  of  section  8,  T.9S.,  R.35E. 


180  feet  west  of  trail;  860  feet  east  and  950  feet  north  of  the 


Range  in  Characteristics:  The  mean  annual  soil  temperature  ranges  from  42*  to  47°F.  The  control  sectiom 
comtains  33  to  45  peTFiiit  clay.  The  hue  ranges  from  7.5YR  through  2.5Y.  The  mollic  epipedon  is  8  to  It 
inches  thick  and  contains  part  or  all  of  the  argillic  horizon.  Depth  to  calcareous  material  is  10  to  22 

inches. 


The  A  horizon  has  value  of  4  or  5  dry,  2  or  3  moist,  and  chroma  of  2  or  3.  It  is  mainly  clay  loam,  silty 
clay  loam,  loam  or  silt  loam. 

The  B2t  horizon  has  value  of  4  or  5  dry,  3  or  4  moist,  and  chroma  of  2  or  3.  The  lower  values  are  part  of 
the  mollic  epipedon.  This  horizon  is  clay,  silty  clay,  or  heavy  silty  clay  loam  and  has  35  to  45  percent 
clay.  It  ia  neutral  through  moderately  alkaline. 

The  C  horizon  ia  clay,  silty  clay,  or  silty  clay  loam  and  has  some  stratification  of  coaraer  material, 
gone  pedons  have  gravelly  or  very  gravelly  layers  below  depth  of  40  inches.  Some  pedona  contain  gypaum 
below  depth  of  50  inches. 

Competing  Seriea:  These  are  the  Absarokee,  Bearpaw  (T),  Danvera,  Delson,  Herm,  Mondamin,  Regent,  Ricot 
(TJi  and  Uork  series.  Absarokee  and  Regent  soils  have  soft  bedrock  at  depths  of  20  to  40  inches.  Bearpaw 
soils  have  glacial  till  with  high  bulk  density  at  depths  of  less  than  40  inches.  Danvera  soils  have  a 
calcic  horizon.  Delson  and  Herm  soils  are  noncalcareous  throughout.  Mondamin  soils  formed  in  fine 
textured  glaciolacustrine  beds  (see  Remarks).  Ricot  soils  have  hue  of  7.5YR  or  redder.  Work  soils  have 
more  than  15  percent  fine  sand  and  coarser  in  their  control  section. 
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Savage  Series 


Geographic  Setting:  Savage  soils  are  nearly  level  to  strongly  sloping  and  are  on  terraces  of  rivers  and 
streams  on  sloping  alluvial  fans  at  elevations  of  2,200  to  4,500  feet.  They  formed  in  calcareous  alluvium 
or  loess  of  mixed  mineral  origin,  having  a  high  proportion  of  silt  and  very  fine  sand  and  a  low  proportion 
of  fine  and  coarser  sands.  The  climate  is  cool  semiarid  with  a  mean  annual  temperature  of  40c  to  45'F. 
and  average  summer  temperature  warmer  than  65°F.  The  mean  annual  precipitation  is  12  to  19  inches  with 
areas  receiving  less  than  14  inches  having  cooler  temperatures  or  lower  evaporation.  Most  of  the 
precipitation  fails  in  spring  or  early  suumer.  The  (32°F.)  growing  season  is  100  to  130  days. 


Geographically  Associated  Soils:  These  are  the  Farland,  Morton,  and  Xavier  soils  and  the  competing  Regent 
soiir;  Farland  and  Morton  soils  have  light  silty  clay  loam  B2t  horizons.  Xavier  soils  have  solums  with 
the  base  of  B2t  horizons  extending  to  depths  of  less  than  10  inches. 


Drainage  and  Permeability:  Well  drained;  slow  or  medium  runoff;  moderately  slow  or  slow  permeability. 

Use  and  Vegetation:  Use  is  mainly  for  irrigated  and  nonirrigated  cropland.  Some  areas  are  still  in 
gfass .  Principal  native  vegetation  is  mixed  short  and  mid  grasses,  mainly  western  wheatgrass,  prairie 
junegrass,  green  needlegrass,  and  forbs  and  shrubs. 

Distribution  and  Extent:  Widely  distributed  throughout  Montana  and  in  western  North  Dakota  and  South 

Dakota . 


Series  Established:  Lower  Yellowstone  Area,  Montana,  1932. 

Remarks:  No  morphological  basis  has  been  established  to  separate  the  Mondamin  soils  from  the  Savage 


series . 
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SEARING  SERIES 

The  Searing  series  consists  of  deep,  well  drained,  moderately  permeable  soils  that  formed  in 
material  weathered  from  porcelanite  over  scattered  porcelanite.  These  soils  are  on  uplands  and 
have  slopes  ranging  from  1  to  15  percent.  Mean  annual  temperature  is  42  F,  and  mean  annual 
precipitation  is  15  inches. 

Taxonomic  Class:  Fine-loamy  over  fragmental,  mixed  Typic  Haploborolls . 

Typical  Pedon:  Searing  loam  -  cultivated.  (Colors  for  dry  soil  unless  otherwise  stated.) 

Ap--0  to  6  inches;  brown  (7.5YR  4/2)  loam,  dark  brown  (7.5YR  3/2)  moist;  weak  medium 
subangular  blocky  and  moderate  medium  and  fine  granular  structure;  slightly  hard,  friable;  common 
roots, many  fine  pores;  neutral;  abrupt  smooth  boundary.  (4  to  10  inches  thick) 

B21t--6  to  12  inches;  dark  reddish  gray  (5YR  4/2)  loam,  dark  reddish  brown  (5YR  3/2)  moist; 
moderate  coarse  prismatic  structure  parting  to  moderate  coarse  and  medium  angular  blocky;  hard, 
friable;  common  roots,  many  fine  pores;  many  clay  films  of  dark  brown  (7.5YR  3/2)  moist;  neutral; 
clear  wavy  boundary. 

B22--12  to  16  inches;  reddish  brown  (5YR  4/3)  loam,  dark  reddish  brown  (5YR  3/3)  moist;  weak 
coarse  prismatic  structure  parting  to  moderate  coarse  and  medium  angular  blocky;  hard,  friable; 
common  fine  roots  and  pores;  a  few  porcelanite  chips;  mildly  alkaline;  clear  wavy  boundary. 
(B2  horizon  is  6  to  16  inches  thick) 

Cl  — 16  to  23  inches;  reddish  yellow  (5YR  6/6)  loam,  yellowish  red  (5YR  4/6)  moist;  weak 
coarse  and  medium  subangular  blocky  structure;  slightly  hard,  friable;  few  roots;  common  fine 
pores;  10  percent  porcelanite  chips;  strong  effervescence;  moderately  alkaline.  (4  to  15  inches 

thick) 

C2--23  to  28  inches;  reddish  yellow  (SYR  6/6)  channery  loam,  yellowish  red  (5YR  5/6)  moist; 
weak  fine  subangular  blocky  structure;  slightly  hard,  friable;  about  50  percent  partly  weathered 
hard  porcelanite  chips;  strong  effervescence;  moderately  alkaline;  clear  wavy  boundary.  (0  to 
5  inches  thick) 

C3--28  to  60  inches;  yellowish  red  (5YR  5/6)  shattered  hard  beds  of  platy  porcelanite  and 
clinkers  with  some  sandy  material  between  the  layers;  strong  effervescence. 

Type  Location:  Bowman  County,  North  Dakota;  about  1/4  mile  north  of  Gasgoyne;  805  feet  east 
and  2,595  feet  north  of  the  SW  corner  of  sec.  33,  T.  131  N.,  R.  99  W. 

Ranee  in  Characteristics:  The  thickness  of  solum  and  depth  to  free  carbonates  ranges  from 
10  to  24  inches  and  depth  to  shattered  reddish  clinker  or  porcelanite  ranges  from  20  to  40  inches. 
Porcelanite,  as  sand  grains  or  channery  fragments,  is  mixed  throughout  the  solum  in  some  pedons. 

The  A  horizon  has  hue  of  5YR,  7.5YR,  or  10YR,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of 
2  or  3.  It  is  loam,  silt  loam,  or  clay  loam. 

The  B  horizon  has  hue  of  5YR,  7.5YR,  or  10YR,  value  of  4  to  6  and  3  or  4  moist,  and  chroma  of 
2  to  4.  It  is  a  loam,  silt  loam,  or  clay  loam  averaging  between  18  and  30  percent  clay.  It  has 
weak  to  strong  prismatic  structure  that  parts  to  moderate  or  strong  blocky  structure.  There  is 
only  a  slight  clay  increase  in  the  B  horizon.  Clay  films  are  lacking  in  some  pedons.  Pedons 
formed  in  noncalcareous  porcelanite  beds,  are  low  in  lime  but  are  included  in  the  range  of  the 

series . 

The  upper  C  horizon  is  loam  or  clay  loam  with  5  to  30  percent  porcelanite  coarse  fragments. 

The  lower  C  horizon  is  shattered  porcelanite  with  some  sandy  material  on  flat  surfaces. 
White  lime  coatings  are  on  surfaces  in  some  pedons. 
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SEARING  SERIES--2 

Brandenburg,  Ringling  Stady,  and  Twin  C [  ’ have  avei  and  sand  at  depths  of  20  to  40  inches 

M -  —  -■  *-  —  uck  £ra8"ental 

material  within  depths  of  40  inches. 

Geo^ra^hi^Setti^:  "n^^d i mlnTaly^a t^r ia 1  leathered  in  place  on 

gradients  of  1  to  15  percen  .  climate  is  cool,  semiarid,  with  mean 

Three-fourths  of  the  moisture  falls  in  the  spring  and  summer. 

,  .  .  t  These  are  the  Brandenburg,  Flasher,  Ringling,  and  Yawdim 

soas5ffsSi&  «r°nuTon  a^:^;  ™  ' r6 

noncompeting  eAmoi^,1  Flasher8”  HortonamSen,  Regent ,  Vebar,  and  Vawdrm  seals  do  not  have  fragmental 

material  at  a  depth  of  20  to  40  inches. 

n.......  and  Permeability:  Well  drained.  Runoff  is  medium.  Permeability  is  moderate. 

vegetlfld^f^d  sh““  p£r°artrar “ras^s^sucrrs  . 

blue  grama,  and  some  forbs. 

Olstributi^andm;  Widely  drstributed  PUi"S 

western  North  Dakota,  eastTTn  Montana,  and  Wyoming.  The  series 

Kemarks:  The  Searing  series  was  formerly  classified  fine-loamy,  mixed  Typic  Haploborolls. 
Series  Established:  Sheridan  County,  Wyoming,  1932. 
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Rev.  COC/SHB 
11/76 


STRAW  SERIES 


The  Straw  series  consists  of  deep,  well  drained  soils  that 
negcly  level  to  moderately  sloping,  and  are  on  low  terraces 
annusl  precipitation  is  about  16  inches  and  the  mean  annua' 

Taxonomic  Class:  Fine-loamy,  mixed  Cumulic  Haploborol 1 s . 


formed  in  mixed  alluvium.  Straw 
alluvial  fans  and  floodplains, 
air  temperature  is  about  43°F. 


soils  are 
The  mean 


Typi cal 


Pedon:  Straw  loam,  cultivated.  (Colors  arc  for 


soil 


rless  otherwise  noted.) 


A.p — 0  to  10 
fine  crumb  structure 
medium  roots;  many 
boundary.  (4  to  8  inches 


inches ;  grayish  brown  ( 10YR  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  moderate 
ure;  slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  many  fine  and  few 
y  fine  and  medium  pores;  slightly  effervescent;  mildly'  alkaline  (pli  7.6),  clear  wavy 


thick) 


A1Z — 10  to  27  inches;  grayish  brown  ( 10 YU  5/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  weak 
coarse  prismatic  structure;  slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  common  fine  • 
and  very  fine  roots;  many  fine  and  very  fine  pores;  strongly  effervescent;  moderately  alkaline  (pH  6.0); 
diffuse  boundary.  (16  to  26  inches  thick) 


Cl — 27  to  38  inches;  grayish  brown  (10YR  5/2)  loam,  dark  grayish  brown  ( 10YR  4/2)  moist;  massive; 
hard,  very  friable,  slightly  sticky  and  slightly  plastic;  few  fine  and  very  fine  roots;  many  line  and  very 
fine'pores;  few  fine  masses  of  segregated  lime;  strongly  effervescent;  moderately  alkaline  (pH  8.0); 
gradual  wavy  boundary. 

C2 — 38  to  54  inches;  light  brownish  gray  (2.5Y  6/2)  silt  loam,  dark  grayish  brown  (2.5i  4/2)  moist, 
massive;  hard,  very  friable ,' slightly  sticky  and  slightly  plastic;  few  fine  and  very  fine  roots;  common 
fine  and  very  fine  pores;  strongly  effervescent;  moderately  alkaline  (pH  8.3./;  clear  smooth  bound,, iv. 

I1C3-- 54  to  66  inches;  light  brownish  gray  (10YR  6/2)  loamy  sand,  dark  grayish  brown  ( 10YR  4/2) 
moist;  massive;  soft,  very  friable,  nonsticky  and  nonplastic;  strongly  effervescent;  mildly  alkaline  (pH 

7.6). 

Type  Location;  Cascade  County,  Montana;  500  feet  south  and  100  feet  west  of  NE  corner  of  the  SEl/4  of 
lection  25,  T.18N.,  R.6E. 

Range  in  Characteristics:  The  mollic  epipedon  ranges  from  16  to  40  inches  thick.  The  10-  to  40-inch 
control  section  averages  20  to  35  percent  clay.  Some  pedons  have  thin  lenses  of  sandy  loam  and  loamy  sand 
at  depths  of  less  than  40  inches.  The  mean  annual  soil  temperature  is  40°  to  46°F.  The  soil  is  usually 
calcareous  throughout  but  some  pedons  are  noncalcareous  in  the  upper  7  inches.  The  hue  of  the  soil  is 

10YR  or  2.5Y. 


The  A  horizon  has  value  of  3  through  5  dry  and  2  or  3  moist.  It  is  loam,  silt  loam,  clay  loam  or  sandy 
clay  loam.  In  some  pedons,  lime  threads,  films,  and  nodules  are  present  in  the  lower  part  of  the  A12 
horizon  and  in  the  C  horizon.  Some  pedons  have  old  buried  A  horizons  in  the  underlying  material.  The  C 
horizon  has  lenses  of  nonconforming  texture  in  some  pedons.  Reaction  is  neutral  to  moderately  alkaline  in 
the  A  horizon  and  mildly  or  moderately  alkaline  in  the  C  horizon. 

Competing  Series:  These  are  the  Brycan,  Frolic,  Jodero,  McCaffey  and  Nutrioso  series  in  the  same  family, 
and  the  Havrelon  series.  Brycan  soils  have  a  cambic  horizon,  are  noncalcareous  throughout  the  solum  and 
have  chroma  of  3  through  6  in  the  R2  and  C  horizons.  Frolic  soils  arc  noncalcareous.  Havrelon  soils  lack 
a  mollic  epipedon.  jodero  soils  have  a  mollic  epipedon  more  than  40  inches  thick.  McGarfey  soils  have 
hue  of  5YR  or  redder.  Nutrioso  soils  have  a  mollic  epipedon  less  than  24  inches  thick. 


Ceographic  Setting:  Straw  soils  are  nearly  level  to  moderately  sloping  and  are  on  low  terraces,  alluvial 
Tans  and  flood  plains  with  rare  or  occasional  flooding,  and  are  at  elevations  of  2,500  to  4,500  feet. 

They  formed  in  calcareous  loamy  alluvium  from  mixed  rock  sources.  The  climate  is  cool  with  a  mean  annual 
temperature  of  40°  to  46°F.  The  mean  annual  precipitation  is  13  to  15  inches,  most  of  which  falls  in 
apring  or  early  summer.  The- (32°F.)  growing  season  is  105  to  135  days. 

Geographically  Associated  Soils:  These  arc  the  Banks,  Korchea,  Ncsda  and  Rivra  soils  and  the  competing 
Havrelon  soils  All  ot  these  soils  except  Korchea  lack  mollic  epipedons.  Korchea  soils  have  a  mollic 
epipedon  less  than  16  inches  thick. 

Drainage  and  Permeability:  Well  drained;  slow  runoff;  moderate  perraVabi  1 i ty . 

Use  and  Vegetation:  Straw  soils  are  used  for  dryland  cropland,  irrigated  cropland  and  for  range.  The 
pirTnia  ry  nntTTi~vege  t  a  t  i  on  is  rough  fescue,  western  wheatgrass,  need  It.md  thread  ,  little  blucstem,  bluebunch 
wheatgrass,  green  needlegrass,  forbs  and  shrubs. 
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Straw  Series 

Distribution  and  Extent:  Eastern  Montana 
moderate  extent. 

Series  Established:  Judith  l'asin  County, 


and  possibly  in 
Montana,  1960. 


Wyoming 


and  North  Dakota. 


The  series  is  of 
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6/28/79 

VEBAR  SERIES 


The  Vebar  series  consists  of  well  drained,  moderately  rapidly  permeable  soils  that  formed  in 
residuum  weathered  from  soft  calcareous  sandstone.  Depth  to  soft  standstone  ranges  from  20  to  40 
inches.  These  soils  are  on  uplands  and  have  slopes  ranging  from  0  to  50  percent.  Mean  annual 
temperature  is  42°  F,  and  mean  annual  precipitation  is  16  inches. 


Taxonomic  Class:  Coarse-loamy,  mixed  Typic  Haploborolls . 


Typical  Pedon:  Vebar  fine  sandy  loam  -  on  a  SW  facing  plane  slope  of  5  percent  in  native 
grassland.  (Colors  are  for  dry  soil  unless  otherwise  stated.  Where  described  the  soil  was  moist 
throughout . ) 


A1--0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  very  dark  brown  (10YR  2/2) 
moist;  weak  coarse  and ’medium  prismatic  structure  parting  to  weak  fine  subangular  blocky  structure; 
slightly  hard,  very  friable,  slightly  sticky,  nonplastic;  many  roots  and  fine  pores;  slightly  acid; 
gradual  wavy  boundary.  (4  to  10  inches  thick) 


B21--5  to  14  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam,  dark  brown  (10YR  3/3) 
moist;  moderate  coarse  prismatic  structure  parting  to  weak  medium  subangular  blocky  structure, 
slightly  hard,  very  friable,  slightly  sticky,  nonplastic;  many  fine  roots  and  pores;  slightly  acid; 
gradual  wavy  boundary.  (4  to  12  inches  thick) 


B22--14  to  19  inches;  brown  (10YR  5/3)  fine  sandy  loam,  brown  (10YR  4/3)  moist;  moderate  coarse 
prismatic  structure  parting  to  weak  medium  and  fine  subangular  blocky  structure;  slightly  hard, 
very  friable,  slightly  sticky,  nonplastic;  common  fine  roots  and  pores;  neutral;  clear  wavy 
boundary.  (0  to  10  inches  thick) 


B3--19  to  26  inches;  brown  (10YR  5/3)  fine  sandy  loam,  brown  (10YR  4/3)  moist;  weak  coarse 
prismatic  structure;  slightly  hard,  very  friable,  nonsticky,  nonplastic;  few  roots,  common  fine 
pores;  neutral;  clear,  very  wavy  boundary.  (0  to  12  inches  thick) 

Q--26  to  32  inches;  light  yellowish  brown  (2.5Y  6/4)  fine  sandy  loam,  light  olive  brown  (2.5Y 
5/4)  moist;  massive;  slightly  hard,  very  friable,  nonsticky,  nonplastic;  few  hard  sandstone 
fragments;  few  small  sandstone  fragments;  few  small  lime  accumulations;  strong  effervescence  (2 
percent  lime);  mildly  alkaline;  clear  wavy  boundary.  (2  to  10  inches  thick) 

Cr— 32  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  soft  massive  calcareous  sandstone;  lease 
of  hard  sandstone  3  inches  thick  at  43  inches;  some  lime  accumulations  around  hard  fragments;  str®m« 
effervescence  (6  percent  lime)  in  upper  part;  slight  effervescence  in  lower  part  (1  percent  lime); 
■oderately  alkaline. 

Type  Location:  Stark  County,  North  Dakota;  about  6  miles  south  and  5  1/2  miles  east  of 
Dickinson;  355  feet  south  and  70  feet  east  of  the  NW  corner  of  the  NE  quarter  of  sec.  16,  T.  138  N.  , 

R.  95  W. 

Ranee  in  Characteristics:  Solum  thickness  typically  is  about  26  inches  and  ranges  between  15 

and  40  inches.  Depth  to  soft  sandstone  ranges  from  20  to  40  inches.  The  mollic  epipedon  ranges 

from  7  to  16  inches  in  thickness.  In  most  pedons  the  soft  sandstone  contains  free  carbonates.  Some 
pedons  have  an  accumulation  of  lime  at  the  bottom  of  the  solum  or  the  upper  part  of  the  sandstone. 

The  A1  horizon  has  hue  of  10YR,  value  of  3  to  5  and  2  or  3  moist,  and  chroma  of  2  or  3  dry  or 
moist.  It  typically  is  fine  sandy  loam,  but  some  is  sandy  loam  or  light  loam.  The  A  horizon  ranges 
from  slightly  acid  to  mildly  alkaline. 

The  B2  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  to  6  and  3  or  4  moist,  and  chroma  of  2  to  4 

dry  or  moist.  It  typically  is  fine  sandy  loam,  but  some  is  sandy  loam  or  light  loam.  The  B  horizon 

has  weak  or  moderate  coarse  or  medium  prismatic  structure  that  parts  easily  to  weak  or  moderate 
subangular  blocky  structure.  It  is  slightly  acid  to  mildly  alkaline  in  the  upper  part  and  neutral 
to  moderately  alkaline  in  the  lower  part. 
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VEBAR  SERIES--2 

The  C  horizon  has  hue  of  10YR,  2.5Y  or  5Y,  value  of  5  to  7  and  4  to  6  moist,  and  chroma  of  2  to  4 
dry  or  moist  Typically  it  is  fine  sandy  loam  or  loamy  fine  sand,  but  some  is  sandy  loam.  The  soft 
sandstone  crushes  to  loamy  fine  sand  or  fine  sandy  loam.  Thin  ledges  or  concretion  like  pipes 

hard  sandstone  are  in  some  pedons. 

Conroeting  Series:  These  are  the  Belain,  Bitterroot,  Hopley,  Mott,  Panguitch,  Relan,  Tally, 
and  Victor  series  in  the  same  family  and  Cohagen,  Lihen,  Manning,  Parshall,  Rhame  Telfer  and e  ™ 

•  „  _  Ritt erroot  and  Hopley  soils  are  dominately  loam  in  the  series  control  section.  Bel  l 

Se-i  h  lithic  contact  of  depth  of  20  to  40  inches.  Mott,  Panguitch,  Tally  and  Victor  soils 

1 ac^pa ralithi embeds between  depths  of  20  and  40  inches.  In  addition,  Panguitch  soils  contain  20  to 
35  percent  by  volume  of  coarse  fragments  and  are  formed  in  alluvium  derived  from  volcanic  materia  , 
,Pt,  v-i  rtnr  soils  have  a  sandy-skeletal  substrata  at  depths  of  about  40  inches.  Relan  soils  have 
f °  f  7  5yr  or  redder  throughout  the  series  control  section.  Cohagen  soils  lack  mollic  epipedons 

H  hLellraHtMc  beds  at  depths  of  less  than  20  inches.  Lihen,  Manning,  Parshall,  Telfer  and 
Velv.  lolls  lack ^aralithic  beds  between  depths  of  20  and  40  inches.  In  addition,  the  Lihen  and 
Parshall  soils  have  mollic  epipedons  more  than  16  inches  thick;  and  Telfer  soils  are  sandy  and  th 

Velva  soils  have  an  irregular  decrease  in  organic  matter  content;'  and  Manning  soils  have  san  an 

gravel  at  depths  of  16  to  40  inches.  Rhame  soils  are  usually  dry. 

Geographic  Setting:  Vebar  soils  are  on. nearly  level  to  rolling  uplands.  Slopes  are  plain  or 
convex  Slope  grades  range  from  0  to  50  percent.  The  soils  formed  an  res.dnnm  weathered  from 
so^alcareo's  sandstone  The  climate  is  cool  and  semiarid.  Mean  anneal  temperature  ranges  from 
JZsZ.l  precipitation  from  H  to  17  inches.  Most  of  the  precipitation  comes  rn 

the  spring  and  summer. 

r.onorpnhi cal  lv  Associated  Soils:  These  are  the  competing  Cohagen,  Parshall  and  Tally  soils 

depths  of  less  than  20  inches  and  have  sandy  textures.  They  are  on  nearby  hilltops  and  ri  ges. 

Dra i na ee  and  Permeability:  Well  drained.  Surface  is  slow  or  medium.  Permeability  is 

moderately  rapid  above  paralithic  beds. 

Use  and  Vegetation:  Soils  are  cropped  to  corn  and  small  grains.  Some  is  used  for  hay  or 
pasture.  Native  grasses  are  needleandthread ,  prairie  sandreed,  prairie  junegrass  and  sun  se  g  . 

Distribution, and  Extent:  Western  North  Dakota,  eastern  Montana , northwestern  South  Dakota, 
and  western  Nebraska.  The  series  is  extensive. 

Series  Established:  Wibaux  County,  Montana,  1943. 

Additional  Data:  S  54NDak-45-2,  pages  258  and  259,  Soil  Survey  Investigations  No.  2. 
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Replace  Midway  series 


Established  Series 
Rev.  GBM 


WAYDEN  SERIES 

The  Wayden  series  consists  of  well  drained,  slowly  permeable  soils  that  formed  in  soft 
alkaline  shales.  These  soils  are  shallow  to  soft  shale.  They  are  on  sedimentary  uplands  and  have 
slopes  ranging  from  0  to  50  percent.  Mean  annual  temperature  is  43  F,  and  mean  annual 
precipitation  is  15  inches. 

Taxonomic  Class:  Clayey,  montmorillonitic  (calcareous)  frigid,  shallow  Typic  Ustorthents. 

Typical  Pedon:  Wayden  silty  clay  -  near  crest  of  low  rise  on  a  2  percent  south-facing  slope 
in  native  grass.  (Colors  are  for  dry  soil  unless  otherwise  stated.  When  described  the  soil  was 
moist  throughout.) 

A1 — 0  to  3  inches;  light  gray  (2.5Y  7/2)  silty  clay,  grayish  brown  (2.5Y  5/2)  moist;  strong 
very  fine  .granular  structure;  hard,  friable,  sticky,  and  plastic;  many  fine  and  very  fine  roots; 
slight  effervescence;  moderately  alkaline;  clear  wavy  boundary.  (1  to  6  inches  thick) 

Cl  —  3  to  7  inches;  light  gray  (5Y  7/2)  silty  clay,  olive  gray  (5Y  5/2)  moist;  moderate  coarse 
and  medium  subangular  blocky  structure  parting  to  moderate  fine  subangular  blocky;  very  hard, 
friable,  sticky,  and  plastic;  common  fine  and  very  fine  roots;  common  fine  pores;  strong 
effervescence;  moderately  alkaline;  gradual  smooth  boundary.  (4  to  6  inches  thick) 

C2 — 7  to  15  inches;  light  gray  (5Y  7/2)  silty  clay,  olive  gray  (5Y  5/2)  moist;  weak  coarse 
subangular  blocky  structure  parting  to  moderate  fine  subangular  blocky;  very  hard,  friable, 
sticky,  and  plastic;  common  fine  and  very  fine  roots;  many  gypsum  crystals;  few  soft  shale  chips; 
slight  effervescence;  moderately  alkaline;  gradual  wavy  boundary.  (5  to  12  inches  thick) 

Cr— 15  to  60  inches;  pale  yellow  (5Y  5/3)  stratified  silty  clay  shale,  pale  olive  (5Y  6/3) 

moist;  yellowish  brown  (10YR  5/6)  moist  stains  on  plates  in  places;  extremely  hard,  very  fine, 
slakes  in  water;  slight  effervescence;  moderately  alkaline. 

Type  Location:  Bowman  County,  North  Dakota;  about  1  mile  east  and  1  mi le_  south  of  Bowman; 
475  feet  north  and  130  feet  west  of  the  southeast  corner  of  sec.  13,  T.  131  N.,  R.  102  W. 

Range  in  Characteristics:  The  depth  to  soft  shale  ranges  from  10  to  20  inches. 

The  A.1  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  to  7,  3  to  5  moist,  and  chroma  of  2  or  3.  It 

is  silty  clay,  silty  clay  loam,  clay,  or  clay  loam  averaging  between  35  and  50  percent  clay.  It 

is  mildly  to  strongly  alkaline.  ~ 

The  C  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  to  8,  4  to  6  moist,  and  chroma  of  1  to  4.  It 

is  silty  clay,  silty  clay  loam,  clay,  or  clay  loam  averaging  between  35  and  50  percent  clay.  It 

is  mildly  to  strongly  alkaline. 

Competing  Series:  These  are  the  Norbert  and  Ruko  soils  in  the  same  family;  and  the  Cabba, 

Dilts,  Dimyaw,  Hillon,  Kuro,  Lambert,  Lisam,  Moreau,  Yawdim,  and  Zahill  soils.  Norbert,  Dilts, 

and  Lisam  soils  average  between  50  to  60  percent  clay.  In  addition,  the  Dilts  soils  are  more 
acid.  Ruko  soils  have  10YR  hue  and  are  strongly  or  violently  effervescent  throughout  the  C 
horizon.  Dimyaw  soils  do  not  have  a  paralithic  contact.  Cabba,  Hillon,  Lambert,  and  Zahill  soils 
contain  less  than  35  percent  clay.  Kuro  soils  formed  in  stratified  weak  red  and  pale  yellow  or 
in  red,  strongly  effervescent  shale.  Moreau  soils  have  a  mollic  epipedon  and  are  moderately  deep 
to  shale.  Yawdim  soils  are  drier. 

Geographic  Setting:  Wayden  soils  are  on  nearly  level  to  very  steep  sedimentary  uplands.^ 
Slope  gradients  range  from  0  to  50  percent.  The  Wayden  soils  formed  in  calcareous  clayey  material 
weathered  from  soft  shales.  The  mean  annual  precipitation  is  13  to  17  inches.  The  mean  annual 
temperature  is  39  to  45  F. 

Geographically  Associated  Soils:  These  include  the  competing  Cabba  and  Moreau  and  the  Amor, 
Belfield,  Brandenburg,  Flasher,  Morton,  Regent,  Rhoades,  Ringling,  Sen,  and  Vebar  series .  Cabba 
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WAYDEN  SERIES- -2  . 

j  on  the  nearby  uplands  include 

and  Moreau  soils  are  on  nearby  similar  P05^011*  ^Veba/soiis.  All  have  thicker  sola  mol  lie 
Amor,  MUCH.  *-».  and  Singling  soils  have  potcelanste 

‘nAheVsoU. "»  land,  and  forced  in  neashy  a.ndy  sedentary  beds. 

■.-i-..  and  P^.MUtV  W.  gained.  Medi^  os  sapid  snnoii.  Slow  pes^eahllity 

Use  and  Vegetation:  Used  »ainly "^VluUUm'TndlL^UMnr'ed”^  *"d  £orbS' 
.ITIo^rTncTuderwistern  vheatgrass,  little  blueste  , 


veget 


dllUU  niciuowsa  - 

k  .  .  E,,ent.  Eastesn  and  nosthesn  Montana,  westesn  North  Dakota,  northwestern 

Distribution  and  Extent,  tasiem 


South  Dakota.  The  soil  is  extensive. 

Series  Established:  Bowman  County,  North  Dakota,  1969. 

Additional  Data:  S61ND-45-3. 
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UNITED  STATES 
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Map 

Symbol 

(SCS) 

.  a) 

Soil  Name 
(2) 

Suitability 

De 

- 1 

?ree  of  Limitation 

dryland 

Farming 
(3)  1/ 

— 

Irrigation 

(A) 

Topsoil 

(5) 

Sand/ 

Gravel 

(6) 

Road 

Fill 

(7) 

Range/ 

Wildlife 
(8)  1/ 

Ponds 

Location  Embankment 

(9)  (10) 

Road 

Location 

(id 

Shallow 

Excavations 
(12)  1/ 

Building  Sites 

(i3)  y  i 

ArA-ArB 

Arne gar d 

Good 

Good 

Excellent 

Not  Suit-  Fair- 
able  Poor 

Good 

Fair 

Fair 

Slight 

Slight 

Moderate 

Bad-Bf 

Bainville 

Poor 

Not  Suitable 

Poor 

Not  Suit-  Fair- 
able  Poor 

Fair 

Good 

Fair 

Mod -high 

Slight 

Moderate 

Bk 

Beckton 

Fair 

Not  Suitable 

Fair 

Not  Suit-  Fair- 
able  Poor 

Poor 

Fair 

Fair 

Slight 

Moderate 

Moderate 

BoA-BoB 

Belfield 

Good 

Fair-Good 

Good 

Not  Suit-  Fair- 
able  Poor 

Good 

Good 

Fair 

Mod-high 

Slight 

Moderate 

CbC-CbD 

Chama 

Fair 

Not  Suitable 

Fair 

Not  Suit-  Poor 
able 

Fair 

Poor 

Poor 

Moderate 

Slight 

Moderate 

FaB-FgA 

Farland 

Good 

Suitable 

Good 

Not  Suit-  Poor 

able 

Good 

Good 

Fair 

Moderate 

Slight 

Moderate 

FiC-Fm-Fr 

Flasher 

Poor 

Not  Suitable 

Fair 

Not  Suit-  Good- 
able  Fair 

Fair 

Poor 

Fair 

Slight 

Severe 

Slight 

GrA-GrB 

Grail 

Good 

Suitable 

Excellent 

Not  Suit-  Poor 
able 

Fair 

Good 

Stable 

Moderate 

Slight 

Moderate 

Sv 

Havre 

Good 

Suitable 

Fair 

Not  Suit-  Fair 
able 

Fair 

Good 

Fair 

Moderate 

Slight 

Moderate 

Hn 

Hoven 

Poor 

Not  Suitable 

Poor 

Not  Suit-  Fair- 
able  Poor 

Poor 

Good 

Fair 

Mod -high 

Severe 

Severe 

LiC 

Lihen 

Poor 

Suitable 

Good 

Find  &  Fair- 

Med .  Poor 

Sands 

Fair 

Poor 

Fair 

Slight 

Severe 

Slight 

BaD-Bf 

Midway 

Poor 

Not  Suitable 

Poor 

Not  Suit-  Fair- 
able  Poor 

Poor 

Good 

Fair 

Mod-high 

Severe 

Severe 

MeA-MeB 

Moreau 

Fair 

Not  Suitable 

Fair 

Not  Suit-  Fair- 
able  Poor 

Poor 

Good 

Fair 

Mod-high 

Severe 

Severe 

MoC-MpG2 

Morton 

Good 

Suitable 

Good 

Not  Suit-  Fair- 
able  Poor 

Fair 

Good 

Fair 

Moderate 

Moderate 

Moderate 

VpB 

Parshall 

Good 

Suitable 

Good 

Fine  Sand  Fair- 
Poor 

Good 

Poor 

Fair 

Slight 

Slight 

Slight 

\j  Ratings  based  on  BLM  criteria.  All  other  ratings  based  on  data  from  Soil  Conservation  Service  soil  surveys. 
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Soil  Name 
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Dryland  i 

Farming  Irrigation 

(3)  1/  1  (A) 


Suitability 

Sand/ 
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Fill 
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Range/ 

Wildlife 
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Ponds 
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(9)  (10) 


Degree  of  Limitation 
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Location 

(ID 


Shallow 

Excavations 

(i2)  u 


Building  Sites 

-  (13)1/ 


PrA-PrB 

Promise 

Fair 

Not  Suitable 

Good 

Not  Suit¬ 
able 

Fair- 

Poor 

Poor 

Good 

Fair 

Mod-high 

Severe 

Severe 

ReA-ReB 

Regent 

Fair 

Not  Suitable 

Good 

Not  Suit¬ 
able 

Fair- 

Poor 

Fair 

Good 

Fair 

Mod-high 

Severe 

Moderate 

RsA-RsB 

Rhoades 

Fair 

Not  Suitable 

Fair 

Not  Suit¬ 
able 

Fair- 

Poor 

Poor 

Good 

Fair- 

Good 

Mod-high 

Severe 

Severe 

Sa 

Saline 

Poor 

Not  Suitable 

Not  Suit- 

Not  Suit¬ 
able 

Poor 

Poor 

Fair 

Poor 

Mod-high 

Severe 

Severe 

Sg 

Alluvial 

Savage 

Fair 

Fair-Good 

Good 

Not  Suit¬ 
able 

Fair- 

Poor 

Poor 

Good 

Stable 

Mod-high 

Moderate 

Moderate 

Sm 

Searing 

Fair 

Poor-Fair 

Good 

Not. Suit¬ 
able 

Fair- 

Poor 

Fair 

Good 

Poor 

Mod -high 

Severe 

Severe 

So-Sp 

Shale 

Poor 

Not  Suitable 

Poor 

Not  Suit- 

Poor 

Poor 

Good 

Fair 

Mod-high 

Severe 

Severe 

Sv-StA 

Outcrop 

Straw 

Good 

Suitable 

Good 

Not  Suit¬ 
able 

Fair- 

Poor 

Good 

Good-Fair 

Fair 

Moderate 

'Slight 

Slight 

VfD-VpB 

Vebar 

Good 

Sui table 

Good 

Fine  Sand 

Fair- 

Poor 

Fair 

Poor 

Fair 

Slight 

Slight 

Slight 

Wb 

Wibaux 

Poor 

Not  Suitable 

Poor 

Not  Suit¬ 
able 

Good- 

Fair 

Poor 

Good 

Fair 

Slight 

Severe 

Severe 

i/ 

Ratings  based 

on  BLM 

criteria.  All  other  ratings 

based  on  data  from 

Soil  Conservation  Service  soil 

surveys . 
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Symbol 
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Soil  Name 
(2) 

Depth  From 
Surface  of 
Typical  Profile 
(inches) 

(3) 

Depth  To 

Hydrologic 
Soil  Group 
(6) 

Shrink-Swell 

Potential 

(7) 

Corrosivity 

Classification 

Coarse 

Fraction 

Percent 

(13) 

Bedrock 

(inches) 

(4) 

Seasonal  High 
Water  Table 
(inches) 

(5) 

Uncoated 

Steel 

(8) 

Concrete 

(9) 

US DA  Text. 
(10) 

Unified 

(id 

AASHO 

(12) 

ArA-ArB 

Arnegard 

0-30 

B 

Low 

Mod. 

Low 

Loam,  SiL 

ML 

A-4. 

- 

30-50 

- 

- 

B 

Low 

Mod. 

Low 

Loam,  FSL 

ML-SM 

A-4,  A 

-2 

BaD-Bf 

Bainville 

0-60 

<60 

-  . 

B 

Low 

Low 

Low 

Loam,  SiL 

ML 

A-4 

- 

Bk 

Beckton 

0-11 

_ 

B 

Low 

Low 

Low 

FSL 

SM 

A-2 ,  A 

-4 

- 

11-21 

_ 

- 

C 

Mod . 

Mod. 

Low 

SCL 

SC 

A- 6 

- 

21-50 

- 

- 

D 

Mod. 

V.  High 

Low 

SC 

CL 

A- 6 

~ 

BoA-BoB 

Belf ield 

0-7 

- 

- 

B 
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Low 

Low 

L,  CL 

ML 

A-4,  A 

-6 

- 

BrA-BrB 

7-37 

- 

C 

Mod . 

High 

Low 

CL,SiC 

CL 

A-6 ,  A 

-7 

- 

CbC-CbD 

Chama 

0-50 

- 

- 

B 

Low 

Low 

Low 

L,SiL 

ML 

A-4 

- 

FaB-FgA 

Farland 

0-50 

_ 

_ 

B 

Low 

Low 

Low 

SiL 

ML 

A-4 

- 

5-32 

_ 

- 

B 

Mod. 

Mod . 

Low 

SiCL 

CL 

A-6 

- 

32-60 

- 

- 

B 

Mod. 

Mod . 

Low 

L,  CL 

ML,  CL 

A-4, A 

-6 

- 

FiC-Fm-Fr  Flasher 

0-4 

10 

_ 

B 

Low 

Low 

Low 

FSL 

SM 

A-2-4 

- 

4-50 

- 

- 

B 

Low 

Low 

Low 

FSL 

SM 

A- 2- 4 

GrA-GrB 

Grail 

0-10 

_ 

_ 

B 

Mod. 

Low 

Low 

SiCL 

CL 

A-6 

- 

10-28 

1 

- 

C 

High 

Low 

Low 

SiC 

CL 

A- 7- 6 

- 

28-60 

B 

Mod. 

Low 

Low 

SiCL 

CL 

A-6 

Sv 

Havre 

0-60 

- 

<60 

B 

Low 

Mod . 

Low 

L,SiL 

ML 

A-4 

- 

Ho 

Hoven 

0-3 

_ 

_ 

B 

Mod. 

Low 

Low 

CL 

CL 

A-6 

- 

3-60  • 

- 

- 

C 

High 

V.High 

Low 

C 

CH 

A- 7 

LIC 

Lihen 

0-60 

- 

- 

A 

Low 

Low 

Low 

LFS 

SM 

A-2 

- 

BaD-Bf 

Midway 

0-4 

_ 

B 

Mod. -High 

Low 

Low 

CL 

CL 

A- 7- 6 

- 

4-48 

- 

C 

Mod. -High 

High 

Low 

SiC 

CL 

A-7-6 

* 

MeA-MeB 

Moreau 

0-20 

1 

_ 

C 

Mod. -High 

V.High 

Low 

SiC 

.  CL 

A- 7- 6 

- 

20-60 

- 

- 

C 

High 

V.High 

Low 

C 

MH-CH 

A-7-6 

— 

MoC-MpC2  Morton 

0-6 

- 

- 

B 

Low 

Low 

Low 

L,SiL 

ML 

A-4 

- 

MrA-MsA- 

MrB 

6-28 

_ 

_ 

B 

Mod. 

Low 

Low 

CL 

ML- CL 

A-4 

- 

28-55 

- 

- 

B 

Mod . 

Low 

Low 

SiL 

ML-CL 

A-4,  A 

-6 

- 

VpB 

Parshall 

0-30 

_ 

B 

Low 

Low 

Low 

FSL 

SM 

A-2-4 

- 

30-55 

- 

- 

A 

Low 

Low 

Low 

FSL-LFS 

SM 

A-2,  A 

-4 

1 

PrA-PrB 

Promise 

0-4 

_ 

B 

Mod .-High 

Low 

Low 

SiC 

CL 

A-7-6 

- 

4-22 

_ 

- 

C 

High 

High 

Low 

C 

MH-CH 

A-7-6 

- 

22-50 

- 

- 

C 

High 

High 

Low 

SiC 

CL 

A-7-6 

— 

ReA-ReB- 

Regent 

0-7 

- 

- 

C 

Mod. 

Mod. 

Low 

SiCL 

CL 

A-6 

- 

RgA 

RgB-RgC 

7-26 

_ 

_ 

C 

High 

High 

Low 

SiC 

CL 

A-6 

- 

26-60 

- 

- 

C 

Mod. 

High 

Low 

SiCL 

CL 

A-6 

- 

RsA-RsB 

Rhoades 

0-3 

_ 

_ 

A 

Low 

Low 

Low 

L 

ML 

A-4 

- 

3-21 

- 

D 

Mod . 

High 

Low 

SiCL 

CL 

A-6 

- 

27-55 

- 

- 

D 

Mod. 

High 

Low 

CL-SiC 

ML, CL 

A-6 ,  A 

-7 

Sa 

Saline 

0-60 

_ 

>6 

D 

Mod . 

High 

Low 

L-SiC 

ML-ML , CL 

A-4,  A 

-7 

- 

Alluvial 

So 

Savage 

0-6 

_ 

B 

Mod. 

Low 

Low 

SiCL 

CL 

A-6 

- 

6-26 

- 

- 

C 

Mod. -High 

High 

Low 

SiC 

CL 

A-7-6 

26-55 

- 

" 

C 

Low-Mod . 

High 

Low 

SiL-SiCL 

ML-CL 

A-4,  A 

-6 

~ 

ShA-Sm 

Searing 

0-22 

_ 

- 

B 

Low 

Low 

Low 

L-SiL 

ML 

A-4 

- 

22-40 

<22 

- 

- 

- 

~ 

- 

~ 

So-Sp 

Shale  Outcrop  0-40 

<40 

** 

B-C 

Low-Mod. 

Low-High 

Low 

Sl-SiC 

SM-CL 

A-2,  A 

-6 

•  - 

Sv-StA 

Straw 

0-30 

_ 

_ 

B 

Low 

Low 

Low 

L-SiL 

ML 

A-4 

- 

30-60 

- 

B 

Low 

Low 

Low 

FSL-L 

SM-ML 

A-2,  A 

l-4 

“ 

VfD-VpB- 

Vebar 

0-35 

_ 

_ 

B 

Low 

Low 

Low 

FSL 

SM 

A-2  -i 

- 

VpC 

35-55 

- 

A 

Low 

Low 

Low 

LFS 

SM 

k-2-L 

1 

Wb 

Wibaux 

0-7 

_ 

B 

Low 

Low 

Low 

L 

ML 

A-4 

7-40 

>9 

- 

- 

- 

- 

- 

- 

“ 

“ 

Note:  Data  from  Soil  Conservation  Service  Soil  Surveys 
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SCREENABLE  SOIL  CHARACTERIZATION 
AS  RELATED  TO 
LAND  RECLAMATION 

By 

William  B.  Peters,  Luvern  L.  Resler,  and  Robert  Vader  1/ 


Soil  is  characterized  by  laboratory  methods  to  confirm  judgment  in  field 
appraisals.  There  is  a  tendency  among  most  laboratory  activities  to 
"over  test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain 
soils  at  the  expense  of  not  performing  essential  or  critical  testing  on 
particular  samples.  Also,  laboratory  activities  tend  to  emphasize  com¬ 
prehensive  analyses  of  samples  from  master  sites  and  neglect  selection, 
sequence,  and  quality  control  in  mass  testing  performed  on  a  screenable 
basis.  The  latter-type  testing  is  frequently  handled  as  routine  work 
utilizing  the  least  dependable  personnel  and  considered  not  worthy  of 
competent  and  close  supervision.  Thus,  too  often  the  screenable  labo¬ 
ratory  testing  becomes  a  liability  rather  than  an  asset  in  supporting 
land  classification  surveys.  Because  the  screenable  testing  represents 
coverage  of  areas  involving  a  high  sampling  density,  it  serves  as  an 
extremely  important  input  into  land  categorization.  Therefore,  it 
should  be  administered  for  performance  with  respect  to  both  quality  and 
quantity  commensurate  with  the  goals  and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support 
judgment  in  estimating  land  reclamation  potential.  (Overburden  refers 
to  the  material  consolidated  or  unconsolidated  overlying  minable  resources 
in  relation  to  surface  mining.)  Thus,  the  laboratory  analyses  must  be 
performed  on  an  action  program  basis  and  serve  a  practical  purpose. 
Therefore,  it  is  essential  the  physical  and  chemical  characteristics  of 
the  soil  and  overburden  be  appraised  in  relation  to  edaphology;  i.e., 
a  medium  suitable  for  the  support  of  plant  growth,  rather  than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals, 
all  laboratory  work  should  be  closely  coordinated  with  fieldwork.  For 
full  effectiveness,  laboratory  studies  must  be  preceded  by  field  studies. 
The  number  and  type  of  studies  will  be  determined  by  area  conditions  - 
particularly  variability,  the  controlling  project  specifications,  and 
needs.  There  should  be  a  joint  plan  between  field  and  laboratory  inves¬ 
tigations  prior  to  taking  of  samples  if  maximum  utilization  of  data  is 


1/  Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section, 
Resource  Analysis  Branch,  Division  of  Planning  Coordination,  U.S. 

Department  of  the  Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S. A. 
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to  be  obtained.  iq(-91 

routine  tests  mode  [Kellogg,  1962] 


Problems  should  be  studied  rather  than  standard  or 


i  for  laboratory  characterizations,  the  labo 

In  submitting  soil  samples  Dertinent  field  appraisals  along  with 

ratory  should  be  furnished  with  desl  'tion.  The  soil  and 

the  tentative  land  u^llza“°"  ' ^genetic  horizons  with  no  more  than 
subsoil  samples  should  reP  ®  samples  should  represent  uniform 

60-cm  depth  per  sample.  S“bstr  s  unless  drill  hole  diam¬ 

eter  s^reclude^ob  tanning1"  suf  f icient  material  for  laboratory  and  green- 
house  studies. 

characterization  should  be  accomplished 

The  first  priority  in  laboratory  ^^ting  soil  structure  and 

by  direct  and  indirect  measuremen  capacity  or  surface  area,  and  soil 

is  stability,  soil-cat  ion-exchange  cai ?then  consideration  should  be  given 

reaction.  After  this  is  accomplished,  th^  ^  phenonena  previously 
to  testing  that  confirms,  exp  nce  of  toxic  elements  (salinity 

observed  or  predicted,  revea  P  reduction  products,  etc.),  and 

level,  boron  content,  alk^  ’  required  to  cope  with  the  soil  deficiency 
unde^eventual  "conditions  and  the  moisture  regimen  expected  to 

prevail  {Peters,  1965]. 

f  the  area  the  support  characterizations 
Based  on  present  knowledge  of  the  ^  movement  and  retention  in 

should  include  field  measurements  fo  stability  [Gardner, 

soil  and  laboratory  determinations  for^  ^  conductivity  of 

1945]  through  measuremen  lylty  at  15-bars  pressure;  soil 

fragmented  samples;  moistu  and  neutral  salt  solution;  soil 

reaction  by  measurement  of  PH  electrical  conductance  of  soil-water 

salinity  by  measurement  of  P  d  composition  including  sodium 

extracts;  soil  solution  concentratron^c  exchangeable  cation 

status^  res  idual  rea.uirement;  acid  soluble  carbonates; 

and  others. 

Samples  collected  in  a  red^^dStaTberef  ore , ^should  be  on  the  ’’look- 
reduced,  but  acid  when  oxld*Z®  *  teristics  and  assure  reduced  material 
out"  for  such  conditions  and  *ti(m>  Samples  exhibiting  acidity 

iS  alSOidnafionedshfuldnbae  further  analyzed  to  ascertain  reduction  prod¬ 
ucts  associated  with  the  observed  phenomenon. 

than  oxidation  product,  be 

Should  conventional  acidity;  1’ ^  ’  ^nde<j  to  include  acidity  by  measure- 
encountered,  the  testing  wi  P  including  aluminum,  titratable 

ment  Of  neutral  at  a  selected  pH)  ,  and  soluble 

acidity  (amount  of  aciai  y 
aluminum. 
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In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can 
be  established.  Measurements  of  moisture  retentivity  at  15-bars  pressure 
are  recommended  because  water  content  at  this  potential  is  usually  cor¬ 
related  with  several  characteristics  including  amount  and  kind  of  clay, 
surface  area,  and  cation  exchange  capacity.  Moisture  percentages  at 
this  potential  would  probably  not  be  applicable  in  simulating  water 
content  at  wilting  for  native  vegetation. 

In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted 
for  the  time-consuming,  saturated  soil  extracts  in  measuring  electrical 
conductance  provided  limitations  are  ascertained.  The  reliability  of 
higher  moisture  contents  even  as  a  tool  in  screening  depends  on  the  kind 
of  salts  present.  For  chloride  salts,  the  results  will  be  only  slightly 
affected  by  the  moisture  content,  but  if  sulfate  or  carbonate  salts, 
which  have  relatively  low  solubility,  are  present  in  appreciable  quan¬ 
tities,  the  apparent  amount  of  soluble  salt  will  depend  on  the  soil-water 
ratio  [Richards,  1954]. 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  sam¬ 
ples  for  textural  class  through  measurements  of  particle-size  distribu¬ 
tion.  This  blanket  laboratory  analysis  for  soil  textural  class  is 
neither  required  nor  desired.  Particle-size  analysis  should  be  limited 
to  master  site  characterization,  the  occasional  confirmation  of  field 
textural  appraisals,  and  the  training  of  new  employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the 
sequence  of  testing  and  screening  of  samples  should  encompass  the  fol¬ 
lowing  phases.  Under  Phase  I  of  the  scheme,  all  samples  would  be  char¬ 
acterized  for  (1)  soil  structure  stability  through  measurement  of 
hydraulic  conductivity  on  a  fragmented  sample  basis  during  the  6th  and 
24th  hours  and  volume  of  wet  settled  floccules,  (2)  moisture  retentivity 
at  15-bars  pressure,  (3)  electrical  conductivity  of  soil-water  extract, 
and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing 
results  of  Phase  1  to  be  salt  affected  should  be  characterized  for 
electrical  conductivity  of  the  saturation  extract  and  sodium  adsorption 
ratio . 

In  the  third  phase,  selected  samples  suspected  through  the  testing 
results  of  Phases  I  and  II  to  be  salt  affected  with  respect  to  sodium 
will  be  tested  for  either  gypsum  requirement  or  residual  gypsum,  depend¬ 
ing  on  salinity  levels  and  associated  pH  values.  Residual  gypsum  will 
be  estimated  by  measuring  calcium  plus  magnesium  in  a  1:5  soil-water 
ratio  extract  and  reported  in  milliequivalents  per  100  grams. 
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.  selected  samples  suspected  through  testing  results 

In  the  four  l  pi  ’  -  id  ancj  iow  in  base  saturation  and  nonsalme 

of  Phase  I  to  be  highly  acid  and  specifically  sodium  and  calcium 

should  be  further  characeriz  aluminum  component  extractable 

plus  magnesium  and  aridity  inc^  |  chlorlJe.  Thls  will  enable 

Ul^,?ateionro£  effective  *  soil-cat  Ion-ex  change  capacity;  i.e.,  CEC  at 
soil  pH  and  the  exchangeable  aluminum  percentage  of  this  CEC. 

T  M,*  fifth  ohase  selected  samples  having  been  characterized  during 

In  tii6  tli  tii  pnase ,  - ! - - -  Ized  for  soluble 

Phases  I,  XI,  and  IV  to  be  saline  acid  would  be  characterized 

aluminum. 

The  above-described  characterization  program  would  not  preclude  testing 
on  a  "complete  analysis"  basis  on  samples  from  master  sites. 


Exhibit  2 
Sheet  1  of  4 


Soils  &  Water  Laboratory  Procedures  and  References 

Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al.,  1954,  Diagnosis  and  Improve¬ 
ments  of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
No.  60,  34b : 112-113) . 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards  517.5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  41:122-123). 

4.  Particle  Density,  (C.A.  Black,  et  al . ,  Methods  of  Soil  Analysis 
Partz,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  39:122). 

5.  Bulk  Density,  (C.A.  Black,  et  al..  Methods  of  Soil  Analysis 

Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390), 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  38:121-122). 

6.  Moisture  Retention  in  Laboratory  is  determined  by  ceramic  plates 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  29,  30  and 
31:109-110). 

7.  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity,  determined  by  calculation,  field  capacity  - 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.  Carbonates  and  bicarbonates  are  determined  with  authomated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al., 

1954,  Diagnosos  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  82:145-146  and  84:146),  (C.A.  Black, 
et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American 
Society  of  Agronomy  62-3.4.1:945-947  and  62-3.5.1:947-948), 
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(M  J  Taras,  et  al..  Standard  Methods  for  the  Examination  of 
Water  and  Wasteway,  Thirteenth  Edition,  for  carbonate  ™ 

^rbonate  only  102:52-56),  (Bear,  et  al.,  Chemxcal  a?!r  Resources  ’ 
and  (Brown,  Skougstad  and  Fishman,  Techniques  of  Water  Resources 
Tnvesti eation  of  BSGS,  Chapter  Al,  "Methods  for  Collectron  and 

for  Dissolved  Minerals  and  Gases, 

Book  5  -  Laboratory  analysis  for  chloride  only,  p.  ) • 

Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 

Acid  (C.A.  Black,  et  al . ,  Methods  of  Soil_Analysis ,  ^044-1049^ 
Agronomy  No.  9,  American  Society  of  Agronomy  73'4.4.1044  1049) , 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes, 

EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

.  Nitrate-Nitrite  are  determined  by  phenoldsuifonie  acid  and 
by  Automated  cadmium  reduction  (Richards  et  a  •»  ’ 

and  Imp r o vemenq_of_Sad:iqq_and__A:lkal3^Sqi_^g. ,  USDA 

T^^u^I^Ttodbook  No.  60,  Part  2,  Agronomy  No.  9,  American 

Society  of  Agronomy  84.5.3:1216-1219)  and  (M.J.  Taras  et  a  ., 

Standard  Moi-v,r.Hs  for  the  Examination  of  Water  and_ JJqstew^, 

btanaa  - . — -  Tos  •  °33-':,37)  M^t-bnds  for  Chemical 

1971  Thirteenth  Edition,  133. 2 JJ  23/ > n?7i - 

Analysis  of  Water  and  Wastejs,  1979  EPA-600  4-79-020, 

353.2:353.2-1-353.2-7 . 

Sulfate  are  determined  by  Automated  Methyl  Thymol  Blue  and 

•  turbidimetrict  (EPA  Meth^JorCh^ 

and  Wastes  1979  EPA-600  4-79-020,375. 2.375.  2  1  375.  ), 

(M  J  Taras  et  al..  Standard  Methods  for  the  Exa^nat1-^. 

%-l: ter  and  wLtewk,  1971  ThirteenTTEditlon,  ^bbcT^-llb)  . 

5.  Sodium,  Potassium,  Calcium  and  ' “'Lalyt^al^Method 

of  Water  Samples  for  Dissolved  Minerals  and  Gases, 

Laboratory  Analysis,  66,  109,  1  an 

Trace  Metals 

,  Trace  Metals  are  determined  by  atomic  absorption  with  by  flame 

r  furnace  (Perkin-Elmer ,  Analytical  Metho - 

or  graphite  furnace  (,rern  ’  -  Qi o \  fBrown  Skougstad 

r;  ;,n 

Standard  Methods  for  the  Examination  of  Waterjfastewgy 
Z,  Te  un,  i!d  zn!  university  of  Montana,  Missoula,  Montana. 
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Chemical  Soil  Characterization 

1.  pH  reading  of  1:5  Soil  Suspension  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  US DA 
Agriculture  Handbook  No.  60,  21b:102)  (C.A.  Black,  et  al . , 
Methods  of  Soil  Analysis,  Part  2  Agronomy  No.  9,  American 
Society  of  Agronomy  60-3.4:922-923)  and  (Bear,  et  al . , 

Chemical  of  Soils,  1964) . 

2.  Reading  in  CaCl2  Solution  (C.A.  Black,  et  al . ,  Methods  of 
Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  60-3.5:923) . 

3.  Saturation  Extract  taken  from  saturation  soil  paste  using 
Bariod  filter  press  and  measuring  soluble  salts  by  use  of 
electrode  conductivity  bridge  (Richards,  et  al . ,  1954, 

Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  6,  2  and  3:84-88,  27:107  and  4:89-90), 
C.A.  Black,  et  al.,  Methods  of  Soil  Analysis,  part  2,  Agronomy 
No.  9,  American  Society  of  Agronomy  62-1:933-988)  and 

(Bear,  et  al. ,  Chemical  of  Soils,  1964). 

4.  Exchangeable  Sodium  and  Potassium  are  extracted’  by  ammonium 
acetate  solution.  Cation-Exchange  Capacity  determined  using 
Sodium  Acetate  as  index  ion  and  follow  with  Ammonium  Acetate 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils ,  USDA  Agriculture  Handbook  No.  60,18:100-101 
and  19:101)  and  (C.A.  Black,  et  al.,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  72—3:1033, 
72-3.2.1:1033-1034  and  57-1:891-895). 

5.  Exchangeable  Sodiuin  Percentage  is  determined  by  calculation 
relationship  being  x  100  (Richards,  et  al.,  1954, 

Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils ,  USDA 
Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus 
magnesium  content  upon  dilution  (Richards,  et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils , 

USDA  Agriculture  Handbook  No.  60,  22c:104). 

7.  Gypsum  Requirement  (Richards,  et  al. ,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  22d: 104-105) . 
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Boron  was  determined  by  extraction  with  hot *  *  3 

(C . A.  Black,  et  al . ,  Methods  of  Soil  Analys^,  Part  3 
Agronomy  No.  9,  American  Society  of  Agronomy  75-4.1062 
and  62—3.6  949—951). 

Percent  Oranic  carbon  is  determined  by  Technicon  Auto 
Analyzer  II. 

Total  Carbonates  express  as  %  calcium carbonate,  acid- 
neutralization,  (C.A.  Black,  et  al. ,  Methods  of  So^l 
Analysis  Part  2,  Agronomy  No.  9,  Amerrcan^ Society  of 
Agronomy,  91-4:1387-1388),  (Richards  et  al.,  1954 

Diagnosis  and  Improvement  of  S^1J‘  a°|  - 

USDA  Agriculture  Handbook  No.  60,  23c.  )• 

SAR  (sodium  absorption  ratio)  determined  by  calculation 
SAR  =  Na/  VCa  +  Mg/  2 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 


Correlates  with 
USBR  Point 
Site  No. 7 


DETERMINATION  OF  EROSION  CONDITION  CLASS 

SOIL  SURFACE  FACTORS  (SSF) 


By 

T.  Fiechtl 


Date 

8/78 


Location 

Sec.  8,  T.140N. ,R.98W 


Treatment  affecting  the  SSF 


No  visual  evidence  of  movement 


0  1 
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Some  movement  of  soil  particles 


Moderate  movement  of  soil  is 
visible  and  recent.  Slight  ter¬ 
racing  generally  less  than  1"  in 
height. 
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Occurs  with  each  event.  Soil 
and  debris  deposited  against 
minor  obstructions. 
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Subsoil  exposed  over  much  of 
area,  may  have  embryonic  dunes 
and  wind  scoured  depressions 
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Accumulating  in  place 

01  2  (3) 


May  show  slight  movement 


Moderate  movement  is  appar¬ 
ent,  deposited  against 
obstacles 


8 


Extreme  movement  apparent, 
large  and  numerous  deposits 
against  obstacles 


Very  little  remaining  (use  care 
on  loui  produc live  sites) 
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If  present,  the  distribution  of 
fragments  show  no  movement 
caused  by  wind  or  water 


If  present,  coarse  fragments 
have  a  truncated  appearance  or 
spotty  distribution  caused  by 
wind  or  water 
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<21 


If  present,  fragments  have  a 
poorly  developed  distribution 
pattern  caused  by  wind  or  water 
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If  present,  surface  rock  or  frag¬ 
ments  exhibit  same  movement 
and  accumulation  of  smaller 
fragments  behind  obstacles 


If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 


10 


11 


12 


13 


14 


No  visual  evidence  of 
pedestalling 


Slight  pedestalling,  in  flow 
patterns 


Small  rock  and  plant  pedestals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped- 
estalled  and  roots  exposed 
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No  visual  evidence  of  flow 
patterns 
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Deposition  of  particles  may  be 
in  evidence 
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Well  defined,  small,  and  few 
with  intermittent  deposits 
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Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 


10 


11 


12 


13 


14 


15 


No  visual  evidence  of  rills 

0  1  2  (3) 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10' 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
10'  intervals 
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at  intervals  less  than  5‘ 
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May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 
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Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 
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Gullies  are  numerous  and  well 

developed  with  active  erosion 
along  10  to  50%  of  their  lengths 
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with  active  erosion  along  more 
than  50%  of  their  length 
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Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 
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May  be  present  in  stable  condi¬ 
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show  little  bed  or  slope  erosion. 
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slopes. 
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Some  movement  of  soil  particles 


Moderate  movement  of  soil  is 
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ent,  deposited  against 
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poorly  developed  distribution 
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If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 
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11 


12 


13 


14 


W  2 
Qj 
Wj 
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No  visual  evidence  of 
pedestalling 


0  1 


Slight  pedestalling,  in  flow 
patterns 


Small  rock  and  plant  p'-destals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped¬ 
estailed  and  roots  exposed 


2L 


10 


11 


12 


13 


14 
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q« 
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No  visual  evidence  of  flow 
patterns 


Deposition  of  particles  may  be 
in  evidence 


Well  defined,  small,  and  few 
with  intermittent  deposits 


Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 
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10 


11 


12 


13 


14 


15 
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No  visual  evidence  of  rills 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10’ 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
101  intervals 


8 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  area  at  intervals  of  5 
to  10' 


May  be  present  at  3"  to  6"  deep 
at  intervals  less  than  5‘ 


10 


11 


12 


13 


14 
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W 
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May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 


0 


Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 

7  8  9 


Gullies  are  numerous  and  well 
developed  with  active  erosion 
along  10  to  50%,  of  their  lengths 
or  a  few  well  developed  gullies 
with  active  erosion  along  more 
than  50%  of  their  length 

10  11  12 


Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 


13 


14 


15 


SITUATION 


TOTAL 


24 


Erosion  Condition  Classes:  Stable  0—20;  Slight  21—40;  Moderate  41—60;  Critical  61—80;  Severe  81—100 


(Instructions  on  reverse) 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

DETERMINATION  OF  EROSION  CONDITION  CLASS 

SOIL  SURFACE  FACTORS  (SSF) 


Correlates  with 
USBR  Point 
Site  No.  5 


By 

T.  Fiechtl 


Date 

8/78 


Location 

Sec. 20,  T . 140N . ,R. 98W 


Treatment  affecting  the  SSF 


No  visual  evidence  of  movement 


0 


1 


<a 


Some  movement  of  soil  particles 


Moderate  movement  of  soil  is 
visible  and  recent.  Slight  ter¬ 
racing  generally  less  than  1"  in 
height. 


Occurs  with  each  event.  Soil 
and  debris  deposited  against 
minor  obstructions. 


6 


8 


10 


11 


Subsoil  exposed  over  much  of 
area,  may  have  embryonic  dunes 
and  wind  scoured  depressions 


12 


13 


14 


Id  * 
O  K 
<W 
fcc  H 

cnJ 


Accumulating  in  place 

0  12@ 


May  show  slight  movement 


Moderate  movement  is  appar¬ 
ent,  deposited  against 
obstacles 


8 


Extreme  movement  apparent, 
large  and  numerous  deposits 
against  obstacles 


Very  little  remaining  (use  care 
on  low  productive  sites) 


10 


11 


12 


13 


14 


Cd 

U* 

<« 

(1,0 

KO 

DK 
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If  present,  the  distribution  of 
fragments  show  no  movement 
caused  by  wind  or  water 


0 


If  present,  coarse  fragments 
have  a  truncated  appearance  or 
spotty  distribution  caused  by 
wind  or  water 


If  present,  fragments  have  a 
poorly  developed  distribution 
pattern  caused  by  wind  or  water 


8 


If  present,  surface  rock  or  frag¬ 
ments  exhibit  same  movement 
and  accumulation  of  smaller 
fragments  behind  obstacles 


If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 
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11 


12 


13 


14 


mO 
w  5 
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No  visual  evidence  of 
pedestalling 


0  1 


Slight  pedestalling,  in  flow 
patterns 


Small  rock  and  plant  pedestals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped- 
estalled  and  roots  exposed 


10 


11 


12 


13 


14 
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q« 

jh 

hH 
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No  visual  evidence  of  flow 
patterns 


i 


Deposition  of  particles  may  be 
in  evidence 


Well  defined,  small,  and  few 
with  intermittent  deposits 


Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 
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13 


14 


15 
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No  visual  evidence  of  rills 
0  12  3 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10' 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
10'  intervals 


8 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  area  at  intervals  of  5 
to  10' 


May  be  present  at  3"  to  6"  deep 
at  intervals  less  than  5' 


10 


11 


12 


13 


14 
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May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 


0 


J&. 


Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 


8 


Gullies  are  numerous  and  well 

developed  with  active  erosion 
along  10  to  50%  of  their  lengths 
or  a  few  well  developed  gullies 
with  active  erosion  along  more 
than  50%  of  their  length 

10  11  12 


Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 


13 


14 


15 


SITUATION 


TOTAL 


2L 


( Instructions  on  reverse) 


Erosion  Condition  Classes:  Stable  0-20;  Slight  21-40;  Moderate  41-60;  Critical  61 -80 


Severe  81  —  100 


F orm  7310—12 
(May  1973) 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

DETERMINATION  OF  EROSION  CONDITION  CLASS 

SOIL  SURFACE  FACTORS  (SSF) 


Correlates  with 
USBR  Point 
Site  No. 7 


By 

T.  Fiechtl 


Date 

8/78 


Location 

3ec . 22 ,  T.140N. ,R.98W 


Treatment  affecting  the  SSF 
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No  visual  evidence  of  movement 


0 


&. 


Some  movement  of  soil  particles 


Moderate  movement  of  soil  is 
visible  and  recent.  Slight  ter¬ 
racing  generally  less  than  1"  in 
height. 


8 


Occurs  with  each  event.  Soil 
and  debris  deposited  against 
minor  obstructions. 


10 


11 


Subsoil  exposed  over  much  of 
area,  may  have  embryonic  dunes 
and  wind  scoured  depressions 


12 


13 


14 


W* 
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C/3  >J 


Accumulating  in  place 

0  12@ 


May  show  slight  movement 


Moderate  movement  is  appar¬ 
ent,  deposited  against 
obstacles 


8 


Extreme  movement  apparent, 
large  and  numerous  deposits 
against  obstacles 


Very  little  remaining  (use  care 
on  low  productive  sites) 


10 


11 
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13 


14 


W 

O* 

to 

KO 

DK 

w 


If  present,  the  distribution  of 
fragments  show  no  movement 
caused  by  wind  or  water 


If  present,  coarse  fragments 
have  a  truncated  appearance  or 
spotty  distribution  caused  by 
wind  or  water 


0 


1 


If  present,  fragments  have  a 
poorly  developed  distribution 
pattern  caused  by  wind  or  water 


8 


If  present,  surface  rock  or  frag¬ 
ments  exhibit  same  movement 
and  accumulation  of  smaller 
fragments  behind  obstacles 


If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 


10 


11 


12 


13 


14 


cnO 
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Qj 

Wj 


No  visual  evidence  of 
pedestailing 


Slight  pedestailing,  in  flow 
patterns 


Small  rock  and  plant  pedestals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped¬ 
estailed  and  roots  exposed 


J2L 
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No  visual  evidence  of  flow 
patterns 


Deposition  of  particles  may  be 
in  evidence 


Well  defined,  small,  and  few 
with  intermittent  deposits 


8 


Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 


10 
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No  visual  evidence  of  rills 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10' 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
10'  intervals 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  area  at  intervals  of  5 
to  1  O' 


May  be  present  at  3"  to  6"  deep 
at  intervals  less  than  5' 


Jzi 


8 


10 


11 


12 


13 


14 


May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 


£L 


Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 


8 


Gullies  are  numerous  and  well 
developed  with  active  erosion 
along  10  to  50%  of  their  lengths 
or  a  few  well  developed  gullies 
with  active  erosion  along  more 
than  50%  of  their  length 

10  11  12 


Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 


13 


14 


15 


2T 


SITUATION 


TOTAL 


Erosion  Condition  Classes:  Stable  0—20;  Slight  21—40;  Moderate  41—60;  Critical  61—80;  Severe  81  — 100 


(Instructions  on  reverse) 


F orm  7310—12 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

DETERMINATION  OF  EROSION  CONDITION  CLASS 

SOIL  SURFACE  FACTORS  (SSF) 


Correlates  with 
USBR  Point 
Site  No . 9 


By 

T.  Fiechtl 


Date 

8/78 


Location 

Sec. 14,  T.140N. ,R.99W 


Treatment  affecting  the  SSF 


No  visual  evidence  of  movement 


Some  movement  of  soil  particles 


Moderate  movement  of  soil  is 
visible  and  recent.  Slight  ter¬ 
racing  generally  less  than  1"  in 
height. 


8 


Occurs  with  each  event.  Soil 
and  debris  deposited  against 
minor  obstructions. 


10 


11 


Subsoil  exposed  over  much  of 
area,  may  have  embryonic  dunes 
and  wind  scoured  depressions 
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Accumulating  in  place 


May  show  slight  movement 
4  5  © 


Moderate  movement  is  appar¬ 
ent,  deposited  against 
obstacles 


8 


Extreme  movement  apparent, 
large  and  numerous  deposits 
against  obstacles 


Very  little  remaining  (use  care 
on  low  productive  sites) 


10 


11 


12 


13 


14 


If  present,  the  distribution  of 
fragments  show  no  movement 
caused  by  wind  or  water 


0 


If  present,  coarse  fragments 
have  a  truncated  appearance  or 
spotty  distribution  caused  by 
wind  or  water 

(3)  4  5 


If  present,  fragments  have  a 
poorly  developed  distribution 
pattern  caused  by  wind  or  water 


8 


If  present,  surface  rock  or  frag¬ 
ments  exhibit  same  movement 
and  accumulation  of  smaller 
fragments  behind  obstacles 


If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 


10 


11 


12 


13 


14 


No  visual  evidence  of 
pedestalling 


Slight  pedestalling,  in  flow 
patterns 


Small  rock  and  plant  pedestals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped¬ 
estailed  and  roots  exposed 


10 


11 


12 


13 


14 


No  visual  evidence  of  flow 
patterns 


Deposition  of  particles  may  be 
in  evidence 


ID- 


Well  defined,  small,  and  few 
with  intermittent  deposits 


8 


Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 


10 
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13 
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15 
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No  visual  evidence  of  rills 
0  1  2  (?) 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10* 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
10'  intervals 


8 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  area  at  intervals  of  5 
to  10' 


May  be  present  at  3"  to  6"  deep 
at  intervals  less  than  5' 


10 


11 


12 


13 


14 
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May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


0 


1 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 


4 


Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 


8 


Gullies  are  numerous  and  well 
developed  with  active  erosion 
along  10  to  50%  of  their  lengths 
or  a  few  well  developed  gullies 
with  active  erosion  along  more 
than  50%  of  their  length 

10  11  12 


Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 


13 


14 


15 


SITUATION 


TOTAL 


1L 


Erosion  Condition  Classes:  Stable  0-20;  Slight  21-40;  Moderate  41-60;  Critical  61-80;  Severe  81-100 


(Instructions  on  reverse) 
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(May  1973) 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

DETERMINATION  OF  EROSION  CONDITION  CLASS 

SOIL  SURFACE  FACTORS  (SSF) 


Correlates  with 
USBR  Point 
Site  No. 7 


By 

T . Fiechtl 


Date 

8/78 


Location 

S  ec . 2  6 , T . 140N. ,R.97W 


Treatment  affecting  the  SSF 
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No  visual  evidence  of  movement 


0  1 


Accumulating  in  place 


Some  movement  of  soil  particles 


4 


May  show  slight  movement 
4  5  © 


Moderate  movement  of  soil  is 
visible  and  recent.  Slight  ter¬ 
racing  generally  less  than  1"  in 
height. 


8 


Moderate  movement  is  appar¬ 
ent,  deposited  against 
obstacles 


8 


Occurs  with  each  event.  Soil 
and  debris  deposited  against 
minor  obstructions. 


10 


11 


Extreme  movement  apparent, 
large  and  numerous  deposits 
against  obstacles 


10 


11 


Subsoil  exposed  over  much  of 
area,  may  have  embryonic  dunes 
and  wind  scoured  depressions 


12 


13 


14 


Very  little  remaining  (use  care 
on  low  productive  sites) 
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If  present,  the  distribution  of 
fragments  show  no  movement 
caused  by  wind  or  water 


If  present,  coarse  fragments 
have  a  truncated  appearance  or 
spotty  distribution  caused  by 
wind  or  water 


If  present,  fragments  have  a 
poorly  developed  distribution 
pattern  caused  by  wind  or  water 


8 


If  present,  surface  rock  or  frag¬ 
ments  exhibit  same  movement 
and  accumulation  of  smaller 
fragments  behind  obstacles 


If  present,  surface  rock  or  frag¬ 
ments  are  dissected  by  rills 
and  gullies  or  are  already 
washed  away 
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10 


11 


12 


13 


14 


No  visual  evidence  of 
pedestailing 


Slight  pedestalling,  in  flow 
patterns 


Small  rock  and  plant  pc  destals 
occurring  in  flow  patterns 


Rocks  and  plants  on  pedestals 
generally  evident,  plant  roots 
exposed 


Most  rocks  and  plants  ped¬ 
estailed  and  roots  exposed 
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No  visual  evidence  of  flow 
patterns 


Deposition  of  particles  may  be 
in  evidence 


Well  defined,  small,  and  few 
with  intermittent  deposits 


Flow  patterns  contain  silt  and 
sand  deposits  and  alluvial  fans 


Flow  patterns  are  numerous  and 
readily  noticeable.  May  have 
large  barren  fan  deposits. 
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10 


11 


12 


13 


14 


15 


No  visual  evidence  of  rills 


Some  rills  in  evidence  at  in¬ 
frequent  intervals  over  10' 


Rills  Vi '  to  6"  deep  occur  in  ex¬ 
posed  places  at  approximately 
10'  intervals 


Rills  Vi'  to  6"  deep  occur  in  ex¬ 
posed  area  at  intervals  of  5 
to  10' 


May  be  present  at  3"  to  6"  deep 
at  intervals  less  than  5‘ 
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May  be  present  in  stable  condi¬ 
tion.  Vegetation  on  channel  bed 
and  side  slopes 


A  few  gullies  in  evidence  which 
show  little  bed  or  slope  erosion. 
Some  vegetation  is  present  on 
slopes. 


0 


-CH 


Gullies  are  well  developed  with 
active  erosion  along  less  than 
10%  of  their  length.  Some  veg¬ 
etation  may  be  present. 


8 


Gullies  are  numerous  and  well 
developed  with  active  erosion 
along  10  to  50%  of  their  lengths 
or  a  few  well  developed  gullies 
with  active  erosion  along  more 
than  50%  of  their  length 

10  11  12 


Sharply  incised  gullies  cover 
most  of  the  area  and  over  50% 
are  actively  eroding 


13 


14 


15 
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SITUATION 


TOTAL 


Erosion  Condition  Classes:  Stable  0—20;  Slight  21—40;  Moderate  41—60;  Critical  61—80;  Severe  81—100 


( Instructions  on  reverse) 
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GLOSSARY 

Alluvium  -  A  general  term  for  clay,  silt,  sand,  gravel,  or  similar 

unconsolidated  detrital  material  deposited  by  a  stream  or  other  body 
of  running  water  as  a  sorted  or  semisorted  sediment  in  the  bed  of  the 
stream  or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at  the  base 
of  a  mountain  slope. 

Annual  Plant  (annuals)  -  A  plant  that  completes  its  life  cycle  and  dies  in 
1  year  or  less. 

Aspect  -  The  direction  toward  which  a  slope  faces.  Exposure. 

Available  Nutrient  -  The  part  of  the  supply  of  a  plant  nutrient  in  the  soil 
that  can  be  taken  up  by  plants  at  rates  and  in  amounts  significant  to 
plant  growth. 

Available  Water  -  The  part  of  the  water  in  the  soil  that  can  be  taken  up  by 
plants  at  rates  significant  to  their  growth.  Usable:  obtainable. 

Bedrock  -  Any  consolidated  material  (shale,  sandstone,  etc.)  soft,  weathered 
or  hard  that  has  remained  in  place  and  is  relatively  unchanged. 

Broadcast  Seeding  -  Scattering  seed  on  the  surface  of  the  soil.  Contrast 
with  drill  seeding  which  places  the  seed  in  rows  in  the  soil. 

Buffer  -  Substances  in  soil  or  water  that  act  chemically  to  resist  changes 
in  reaction  of  pH. 

Calcareous  Soil  -  Soil  containing  sufficient  calcium  carbonate  (often  with 
magnesium  carbonate)  to  effervesce  visibly  when  treated  with  cold 
0.1  normal  hydrochloric  acid. 

Capillary  Water  -  The  water  held  in  the  "capillary"  or  small  pores  of  a 

soil,  usually  with  tension  greater  than  60  centimeters  of  the  water. 

Much  of  this  water  is  considered  to  be  readily  available  to  plants. 

CFS,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization  -  Erosion  prevention  and  stabilization  of  velocity 

distribution  in  a  channel,  using  jetties,  drops,  revetments,  vegetation, 
and  other  measures. 

Clay  (soils)  -  (1)  A  mineral  soil  separate  consisting  of  particles  less  than 
0.002  millimeter  diameter.  (2)  A  soil  textural  class.  (3)  (engineering) 
A  fine-grained  soil  that  has  a  high  plasticity  index  in  relation  to 
the  liquid  limits. 

Colluvium  -  A  general  term  applied  to  loose,  heterogeneous  (mixed)  deposits 
of  soil  material  and/or  rock  fragments  near  the  base  of  rather  steep 
slopes.  The  deposits  have  accumulated  through  mass  wasting  (slides), 
soil  creep,  and  local  wash. 
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Compaction  -  The  closing  of  the  pore  spaces  among  the  particles  of  soil 

and  rock,  generally  caused  by  running  heavy  equipment  over  the  area, 
as  in  the  process  of  leveling  the  overburden  material  of  strip  mine 
banks . 

Companion  Crop  -  (See  Nurse  Crop) . 

Conifer  -  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen  with 
cones  and  needle-shaped  or  scale-like  leaves  and  producing  wood  known 
commercially  as  "softwood." 

Contour  -  An  imaginary  line  connecting  points  of  equal  height  above  sea 
level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant  -  A  plant  that  makes  its  major  growth  during  the  cool 
portion  of  the  year,  primarily  in  the  spring  but  in  some  localities 
in  the  winter. 

Deciduous  -  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at  a 
certain  season. 

Deep  Chiseling  -  Deep  chiseling  is  a  surface  treatment  that  loosens  compacted 
spoils.  The  process  creates  a  series  of  parallel  slots  on  the  contour 
in  the  spoils  surface  which  impedes  water  flows  and  markedly  increases 
infiltration. 

Density,  Forage  -  The  percent  of  ground  surface  which  appears  to  be  completely 
covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand  -  Density  of  stocking  expressed  in  number  of  trees  per  acre. 

Dissolved  Solids  -  The  difference  between  the  total  and  suspended  solids 
in  water. 

Disturbed  Land  -  Land  on  which  excavation  has  occurred  or  upon  which  over¬ 
burden  has  been  deposited,  or  both. 

Dozer  or  Bulldozer  -  Tractor  with  a  steel  plate  or  blade  mounted  on  the 
front  end  in  such  a  manner  that  it  can  be  used  to  cut  into  earth  or 
other  material  and  move  said  material  primarily  forward  by  pushing. 

Ecology  -  The  science  that  deals  with  the  mutual  relation  of  plants  and 
animals  to  one  another  and  to  their  environment. 

Ecosystem  -  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation  -  That  portion  of  total  precipitation  that  becomes 
available  for  plant  growth.  It  does  not  include  precipitation  lost 
to  deep  percolation  below  the  root  zone  or  to  surface  runoff. 

Effluent  -  Any  water  flowing  out  of  the  ground  or  from  an  enclosure  to  the 
surface  flow  network. 
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Environment  -  All  external  conditions  that  may  act  upon  an  organism  or  soil 
to  influence  its  development,  including  sunlight,  temperature,  moisture 

and  other  organisms. 

Erodibility  -  The  relative  ease  with  which  one  soil  erodes  under  specified 
conditions  of  slope  as  compared  with  other  soils  under  the  same 
conditions;  this  applies  to  both  sheet  and  gully  erosion. 

Erosion  -  The  wearing  away  of  the  land  surface  by  running  water,  wind,  ice, 
or  other  geological  agents,  including  such  processes  as  gravitational 
creep.  Detachment  and  movement  of  soil  or  rock  fragments  by  water, 
wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition)  -  A  chemical  element  required  for  the 
normal  growth  of  plants. 

Evapotranspiration  -  A  collective  term  meaning  the  loss  of  water  to  the 
atmosphere  from  both  evaporation  and  transpiration  by  vegetation. 

Excavation  -  The  act  of  removing  overburden  material. 

Fertilizer  -  Any  natural  or  manufactured  material  added  to  the  soil  in  order 
to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade  -  The  guaranteed  minimum  analysis  in  whole  numbers,  in 

percent,  of  the  major  plant  nutrient  elements  contained  in  a  fertilizer 
material  or  in  a  mixed  fertilizer.  For  example,  a  fertilizer  with  a 
grade  of  20-10-5  contains  20  percent  nitrogen  (N) ,  10  percent  available 
phosphoric  acid  (P2°5) ,  and  5  percent  water  soluble  potash  (K20) . 

Minor  elements  may  also  be  included.  Recent  trends  are  to  express  the 
percentages  in  terms  of  the  elemental  fertilizer  [nitrogen  (N) , 
phosphorous  (P) ,  and  potassium  (K) ] . 

Fill  -  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the  surface 
to  a  predetermined  grade.  Also,  the  material  itself. 

Forage  -  Unharvested  plant  material  which  can  be  used  as  feed  by  domestic 
animals.  Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land  -  Land  bearing  a  stand  of  trees  at  any  age  or  stature,  including 
seedlings  and  of  species  attaining  a  minumum  of  6  feet  average  height 
at  maturity  or  land  from  which  such  a  stand  has  been  removed  but  on  which 
no  other  use  has  been  substituted.  The  term  is  commonly  limited  to  land 
not  in  farms;  forests  on  the  farms  are  commonly  called  woodland  or  farm 
forests. 

Germination  -  Sprouting;  beginning  of  growth. 

Gradation  -  A  term  used  to  describe  the  series  of  sizes  into  which  a  soil 
sample  can  be  divided. 

Grain  Size  -  Physical  size  of  soil  particle,  usually  determined  by  either 
sieve  or  hydrometer  analysis. 
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Ground  Cover  -  Any  living  or  dead  vegetative  material  producing  a  protective 
mat  on  or  just  above  the  soil  surface. 

Ground  Water  -  Subsurface  water  occupying  the  saturation  zone,  from  which 

wells  and  springs  are  fed.  In  a  strict  sense  the  term  applies  only  to 
water  below  water  table.  Also  called  plerotic  water;  phreatic 
water . 

Growing  Season  -  Determined  by  the  Lowery- Johnson  Method. 

Gully  Erosion  -  Removal  of  soil  by  running  water  with  formation  of  deep 

channels  that  cannot  be  smoothed  out  completely  by  normal  cultivation. 

Hydroseeding  -  Dissemination  of  seed  hydraulically  in  a  water  medium. 

Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the  sprayed 
mixture. 

Impervious  -  Prohibits  fluid  flow. 

Infiltration  -  The  downward  entry  of  water  into  the  land  surface. 

Intermittent  Stream  -  A  stream  or  portion  of  a  stream  that  flows  only  in 
direct  response  to  precipitation.  It  receives  little  or  no  water 
from  springs  and  is  dry  for  a  large  part  of  the  year. 

Land  Classification  -  Classification  of  specific  bodies  of  land  according 
to  their  characteristics  or  to  their  capabilities  for  use.  A  use 
capability  classification  may  be  defined  as  one  based  on  both  physical 
and  economic  considerations  according  to  their  capabilities  for  man's 
use,  with  sufficient  detail  of  categorical  definition  and  cartographic 
(mapping)  expression  to  indicate  those  differences  signigicant  to  men. 

Land  Use  Planning  -  The  development  of  plans  for  the  uses  of  land  that,  over 
long  periods,  will  best  serve  the  general  welfare,  together  with  the 
formulation  of  ways  and  means  for  achieving  such  uses. 

Leaching  -  The  removal  of  materials  in  solution  by  the  passage  of  water 
through  soil. 

Leachate  -  Liquid  that  has  percolated  through  a  medium  and  has  extracted 
dissolved  or  suspended  materials  from  it. 

Legume  -  A  member  of  the  legume  or  pulse  family,  leguminosae.  One  of  the 
most  important  and  widely  distributed  plant  families.  Includes  many 
valuable  food  and  forage  species,  such  as  the  peas,  beans,  peanuts, 
clovers,  alfalfas,  sweet  clovers,  lespedezas,  vetches  and  kudzu. 
Practically  all  legumes  are  nitrogen-fixing  plants. 

Lime  -  From  strictly  chemical  standpoint,  refers  to  only  one  compound, 
calcium  oxide  (CaO) ;  however,  the  term  lime  is  commonly  used  in 
agriculture  to  include  a  great  variety  of  materials  which  are  usually 
composed  of  the  oxide,  hydroxide,  or  cabonate  of  calcium  or  of 
calcium  and  magnesium.  The  most  commonly  used  forms  of  agricultural 
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lime  are  ground  limestone,  marl,  and  oyster  shells  (carbonates), 
hydrated  lime  (hydroxides) ,  and  burnt  lime  (oxides) . 

Quicklime  -  limestone  +  heat  (calcined) ,  CaO 

Hydrated  Line  -  quicklime  +  H^O  Ca(0H)2 

Slaked  lime  -  same  as  hydrated  but  slaking  equipment  is  used 
for  adding  water 

Milk  of  lime  -  water  mixture  containing  lime  in  solution  +  lime 
in  suspension 

Micro-Climate  -  A  local  climatic  condition  near  the  ground  resulting  from 
modification  of  relief,  exposure,  or  cover. 

Micro-Nutrients  -  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land  -  Land  with  new  surface  characteristics  due  to  the  removal  of 
mineable  commodity  by  surface  mining  methods  and  subsequent  surface 
reclamation. 

Mulch  -  A  natural  or  artificial  layer  of  plant  residue  or  other  materials 
placed  on  the  soil  surface  to  protect  seeds,  to  prevent  blowing,  to 
retain  soil  moisture,  to  curtail  erosion,  and  to  modify  soil  temperature. 

Natural  Revegetation  -  Natural  reestablishment  of  plants;  propragation  of 
new  plants  over  an  area  by  natural  processes. 

Natural  seeding  (Volunteer)  -  Natural  distribution  of  seed  over  an  area. 

Neutralization  -  The  process  of  adding  an  acid  or  alkaline  material  to 
water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil  -  A  soil  in  which  the  surface  layer,  at  least  from  normal  plow 
depth,  is  neither  acid  nor  alkaline  in  reaction.  For  most  practical 
purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation  -  The  conversion  of  atmospheric  (free)  nitrogen  to  nitrogen 
compounds.  In  soils  the  assimilation  of  free  nitrogen  from  the  air  by 
soil  organisms  (making  the  nitrogen  eventually  available  to  plants). 
Nitrogen  fixing  organisms  associated  with  plants  such  as  the  legumes 
are  called  symbiotic;  those  not  definitely  associated  with  plants  are 
called  nonsymbiotic . 

Nurse  Crop  -  A  planting  or  seeding  that  is  used  to  protect  a  tender  species 

during  its  early  life.  A  nurse  crop  is  usually  temporary  and  gives  away 
to  the  permanent  crop.  Sometimes  referred  to  as  a  companion  crop. 

Nutrients  -  Any  element  taken  into  a  plant  that  is  essential  to  its  growth. 

Overburden  -  All  unconsolidated  (soil,  till,  outwash,  alluvium,  etc.)  and 
consolidated  (shale,  sanstone,  etc.)  materials  which  lie  above  the 
coal . 
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Percolation  -  Downward  movement  of  water  through  soils. 


Permeability  -  The  measure  of  the  capacity  for  transmitting  a  fluid  through 
the  substance.  In  this  report  the  substance  is  overburden  (soil  and 
bedrock) . 

pH  -  The  symbol  or  term  refers  to  a  scale  commonly  used  to  express  the 
degrees  of  acidity  or  alkalinity.  On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the  point 
of  neutrality  at  which  there  is  neither  acidity  or  alkalinity.  pH  is 
not  a  measure  of  the  weight  of  acid  or  alkali  contained  in  or  available 
in  a  given  volume  (-Log  of  H+  activity) . 

Pollution  -  Environmental  degradation  resulting  from  man's  activities  or 
natural  events. 

Pond  -  A  body  of  water  of  limited  size  either  naturally  or  artificially 
confined  and  usually  smaller  than  a  lake. 

Rain  -  (1)  Heavy— Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min). 

(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  a  trace  and  0.10  in.  per  hr  (0.01  inch  in  6  min). 

(3)  Moderate— Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  0.11  in.  per  hr  (0.01+  inch  in  6  min)  and  0.30  in. 
per  hr  (0.03  inch  in  6  min). 

Range  Land  -  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  forbs,  or  shrubs. 

Percolation  Rate  -  Usually  expressed  as  a  velocity,  at  which  water  moves 
through  saturated  granular  material.  The  term  is  also  applied  to 
quantity  per  unit  or  time  of  such  movement,  and  has  been  used  erroneously 
to  designate  infiltration  rate  or  infiltration  capacity. 

Reclamation  -  The  process  of  rehabilitating  mined  land  to  its  former  or  other 
productive  uses. 

Reconstructed  Profile  -  The  result  of  selective  placement  of  suitable  overburden 
material  on  reshaped  spoils. 

Recreation  Land  -  Land  and  water  used,  or  usable  primarily  as  sites  for  outdoor 
recreation  facilities  and  activities. 

Reforestation  -  The  natural  or  artificial  restocking  of  an  area  with  forest 
trees . 

Regrading  -  The  movement  of  earth  over  a  depression  to  change  the  shape  of 
the  land  surface.  A  finer  form  of  backfilling. 

Rehabilitation  -  Implies  that  the  land  will  be  returned  to  a  form  and 

productivity  in  conformity  with  a  prior  land  use  plan,  including  a 
stable  ecological  state  that  does  not  contribute  substantially  to 
environmental  deterioration  and  is  consistent  with  surrounding 
aesthetic  values. 
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Revegetation  -  The  reestablishment  of  a  vegetative  cover  following  land 
disturbance. 

Ripping  -  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long  angled 
steel  tooth,  compacted  spoils  or  rock  into  pieces  small  enough  to  be 
economically  excavated  or  moved  by  other  equipment  as  a  scraper  or 
dozer . 

Runoff  -  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 

strata:  is  utilized  by  vegetation  or  lost  by  evaporation  or  may  find 

its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil  -  A  soil  having  a  combination  of  a  harmful  quantity  of 
soluble  salts  and  either  a  high  degree  of  sodicity  or  a  high  amount 
of  exchangeable  sodium,  or  both,  so  distributed  in  the  soil  profile 
that  the  growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil  -  A  soil  containing  enough  soluble  salts  to  impair  its  productivity 
for  plants  but  not  containing  an  excess  of  exchangeable  sodium. 

Sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being  those 
of  sand. 

Saturation  -  Completely  filled;  a  condition  reached  by  a  material,  whether 
it  be  in  solid,  gaseous,  or  liquid  state,  which  holds  another  material 
within  itself  in  a  given  state  in  an  amount  such  that  no  more  of  such 
material  can  be  held  within  it  in  the  same  state.  The  material  is  then 
said  to  be  saturated  or  in  a  condition  of  saturation. 

Sediment  -  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 
is  being  transported,  or  has  been  moved  from  its  site  of  origin  by 
air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's  surface 
either  above  or  below  sea  level. 

Sediment  Basin  -  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed  -  The  soil  prepared  by  natural  or  artificial  means  to  promote  the 
germination  of  seed  and  growth  of  seedlings. 

Seep  -  A  more  or  less  poorly  defined  area  where  water  oozes  from  the  earth 
in  small  quantities. 

Shale  -  Sedimentary  or  stratified  rock  structure  generally  formed  by  the 
consolidation  of  clay  or  clay-like  material. 

Silt  -  Small  mineral  soil  grains,  the  particles  of  which  range  in  diameter 
from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  international  system). 
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Soil  (See  Acid  Soil  and  Alkaline  Soil)  -  Surface  layer  of  the  earth,  ranging 
in  thickness  from  a  few  inches  to  several  feet  composed  of  finely 
divided  rock  debris  mixed  with  decomposing  vegetative  and  animal  matter 
which  is  capable  of  supporting  plant  growth. 

Soil  Amendment  -  Any  substance  used  to  alter  one  or  more  of  the  many  soil 

properties.  These  include  soil  conditioning  agents,  fertilizers,  lime 
and  manures,  to  name  a  few. 

Soil  Conserving  Crops  -  Crops  that  prevent  or  retard  erosion  and  maintain 
or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity  -  The  degree  to  which  the  soil  mass  is  permeated  with  pores 
or  cavities.  It  is  expressed  as  the  percentage  of  the  whole  volume 
of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile  -  A  vertical  section  of  the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Soil  Structure  -  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  peds. 

Solum  -  The  upper  part  of  a  soil  profile,  above  the  parent  material,  in 

which  the  processes  of  soil  formation  are  active.  The  solum  in  natural 
soils  includes  the  A  and  B  horizons.  Usually  the  characteristics  of 
the  material  in  these  horizons  are  quite  unlike  those  of  the  underlying 
parent  material.  The  living  roots  and  other  plant  life  and  animal  life 
characteristic  of  the  soil  are  largely  confined  to  the  solum. 

Spoil  -  The  overburden  or  non-coal  material  removed  in  gaining  access  to  the 
coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile)  -  Area  created  by  the  deposited  soil  or  overburden 
material  prior  to  backfilling.  Also  called  cast  overburden. 

Stratified  -  Composed  of,  or  arranged  in,  strata  or  layers,  as  stratified 
alluvium.  The  term  is  applied  to  geological  materials.  Those  layers 
in  soils  that  are  produced  by  the  processes  of  soil  formation  are 
called  horizons,  while  those  inherited  from  parent  material  are  called 
strata. 

Strip  -  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Stripping  -  The  removal  of  earth  or  non-ore  rock  materials  as  required  to 
gain  access  to  the  ore  or  mineral  materials  wanted.  The  process  of 
removing  overburden  or  waste  material  in  a  surface  mining  operation. 

Subsoil  -  The  B  horizon  of  soils  with  distinct  profiles.  In  soils  with  weak 
profile  development,  the  subsoil  can  be  defined  as  the  soil  below  the 
plowed  soil  (or  its  equivalent  of  surface  soil)  in  which  roots  normally 
grow.  Although  a  common  term,  it  cannot  be  defined  accurately.  It 
has  been  carried  over  from  early  days  when  "soil"  was  conceived  only 
as  the  plowed  soil  and  that  under  it  as  "subsoil." 
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Substratum  -  Alluvial,  colluvial,  or  bedrock  material  that  underlies  the 
soil  profile. 

Surface  Mining  -  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  resource  to  be  mined  in  a  series 
of  rows  or  strips;  also  referred  to  as  "strip  mining." 

Surface  Soil  -  The  upper  part  of  arable  soils  commonly  stirred  by  tillage 

implements  or  an  equivalent  depth  (5  to  8  minches)  in  non-arable  soils. 

Suspended  Soilids  -  Sediment  which  is  in  suspension  in  water  but  which  will 
physically  settle  out  under  quiescent  conditions  (as  differentiated 
from  dissolved  material). 

Terrace  -  Sloping  ground  cut  into  a  succession  of  benches  and  steep  inclines 
for  purposes  of  cultivation  or  to  control  surface  runoff  and  minimize 
soil  erosion. 

Terraced  Slope  -  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture  (Soils)  -  Refers  to  the  fineness  or  coarseness  of  a  soil.  Specifically, 
it  refers  to  the  relative  proportions  of  the  various  soil  separates 
(sand,  silt,  clay)  in  a  given  soil. 

Topdressing  Material  -  Material  that  is  well  suited  for  plant  media.  Desired 
characteristics  include:  fertile,  good  tilth,  permeable,  contains 
organic  matter,  nonsaline,  nonsodic  and  has  water  stable  aggregates. 

Tilth  -  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for  the 
growth  of  a  specified  plant. 

Topography  -  The  shape  of  the  ground  surface,  such  as  hills,  mountains,  or 
plains.  Steep  topography  indicates  steep  slopes  or  hilly  land;  flat 
topography  indicates  flat  land  with  minor  undulations  and  gentle 
slopes . 

Toxic  Spoil  (See  also  Acid  Spoil)  -  Includes  acid  spoil  with  pH  below  4.0. 

Also  refers  to  spoil  containing  excessive  levels  of  exhangeable  sodium 
or  trace  elements  (i.e.,  selenium,  lead,  etc.). 

Transpiration  -  The  normal  loss  of  water  vapor  to  the  atmosphere  from  plants. 

Unconsolidated  (soil  material)  -  Soil  material  in  a  form  of  loose  aggregation. 

Vegetation  -  General  term  including  grasses,  legumes,  shrubs,  and  trees  naturally 
occurring  and  planted  intentionally. 

Vegetative  Cover  -  The  entire  vegetative  canopy  on  an  area. 

Volunteer  -  Springing  up  spontaneously  or  without  being  planted;  a  volunteer 
plant . 
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Weathering  -  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife  -  Undomesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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